DOCUMENT RESUME 



ED 047 928 


24 


BE 003 <191 


AUTHOR 


Naeser, Margaret A, 




TITLE 


The American Child's Acquisition of Differential 
Vowel Duration* Part 1 of Two Parts. 


INSTITUTION 


Wisconsin Univ* , Madison. Research and 
Center for Cognitive Learning, 


Development 


SPONS AGENCY 


Office of Education (DHEW) , Washington, 
of Research, 


D, C * Bureau 


REPORT NO 


TR- 1 44-1 




BUREAU NO 


BR-5-0216 




PUB DATE 


Aug 70 




CONTRACT 


OEC-5- 10- 154 




NOTE 


1 46p. 




EDRS PRICE 


EDRS Price MF-$0,65 HC-36, 58 




DESCRIPTORS 


Articulation (Speech), Child Language, 


Consonants , 



^Language Development, ^Language Research, 
Phoneraics, Phonological Units, *Prereading 
Experience, ^Preschool Children, *Vowels 



ABSTRACT 

The development of differential vowel duration was 
observed in six children who were tape recorded at 1-month intervals 
from 26 to 36 months of age and in three children from 21 to 24 
months of age. By differential vowel duration is meant the relatively 
different durations of vowels according to whether the following 
consonant is voiced or voiceless, stop or fricative. The children's 
task was to produce a series of consonant- vowel-consonant English 
words using each of the vowels /I i u/ before one voiceless and one 
voiced fricative. Four stimulus conditions were used: a visual 
stimulus using familiar storybook pictures and three sets of 
tape-recorded stimuli with the vowel /i/, One set had normal 
differential vowel duration, another had abnormal equal vowel 
duration, and the third had four occurrences of each word with qraded 
vowel durations, Results showed that acquisition of differential 
vowel duration preceded control of the voicing feature which 
conditions it in adult English* Correct intrinsic vowel duration was 
produced in all responses. This document. Part 1, includes the 
introduction and reports of three stimulus conditions. The report 
concludes with Part 2, which can be found in document RE 003 492. 
Tables are included, (Author/DH) 




ED 04 792 8 




PM d! i 




££ 663 ¥f/ 



U t, DEPARTMENT Of HEALTH. EDUCATION & WELFARE 
OFFICE OF EDUCATION 



THIS DOCUMENT HAS BEEN REPRODUCED EXACTLY AS RECEIVED FROM THE 
PERSON OR ORG*N'2*TION ORinWTMO IT. PO'f'TS Of VIEW OR OPINIONS 
STATEO DO NOT NECESSARILY REPRESENT OFFICIAL OFFICE OF EDUCATION 

Position or policy. 



Technical lleport No. 144 (Part 1 of Two Parts) 

THE AMERICAN CHILD'S ACQUISITION 
OF DIFFERENTIAL VOWEL DURATION 



Report from the Project on 
Basic Pre-Reading Skills: 
Identification and Improvement 



By Margaret A. Naeser 



Jeanette Johnson Harries, Assistant Professor of Linguistics 
Chairman of the Examining Committee 



Richard L. Venezky, Associate Professor of Computer Sciences and English 

Principal Investigator 



Wisconsin Research and Development 
Center for Cognitive Learning 
The University of Wisconsin 
Madison, Wisconsin 



August, 1970 

This Technical Report is a doctoral dissertation reporting research supported by ‘ he *‘* C0 " sl " 
Research and Development Center (or Cognitive Learning. Since rt has bee n ' # ^ ,0V * d f U "’ e 
versily Examining Committee. it has not been reviewed by the Center. It is pub rshed I by^he 
Center as a record o( some of the Center’s activities and as a service to the student. The bound 
original is in The University of Wisconsin Memorial Library. 

O blrshod by .ho Wisconsin Research and Development Center fo, Cognitive ^rning. supported 
R ir P a.l as a research and development center by funds from the United States Office of E^cat.on 
tasSE parlnu-nl of Health. Education, and Welfare. The opinions expressed herein J 

reflect the position or policy of the Office of Education and no officul 



3 



NATIONAL EVALUATION COMMITTEE 



Samuel Brownell 

Piofcsior of Urban Education 
Graduate School 
Yofe University 



Henry Chauncey 

President 

Educational Testing Service 



Elizabeth Koontz 

Wage and Lobor Standard* 
Ad minis i rati on, US. 
Department of Labor, 
Washington 



Patrick Suppe* 

Professor 

Department of Mathematic* 
Stanford University 



Launor F. Carter 

Senior Vice President on 

Technology and Development 
System Development Corporation 



Martin Deufsch 

Director, Initiate for 
Developmental Studies 
New York Medical College 



Roderick McPhee 

President 

Punobou Schoof, Honolulu 



♦Benton J. Underwood 

ProfBitOr 

Department of Psychology 
Northwestern University 



Francis $. Chase 

Professor 

Department of Education 
University of Chicogo 



Jack Edling 

Director, Teaching Research 

Division 

Oregon State System of Higher 

Education 



G. Wesley Sowards 

Director, Elementary Education 
Honda State University 



RESEARCH AND DEVELOPMENT CENTER POLICY REVIEW BOARD 



Leonard Berko will 

Cha irman 

Cepartmenf of Psychology 



Archie A. Buchmiller 

Deputy Stole Superintendent 
Department of Public Instruction 



Roberf E. Grinder 

Cha irman 

Department of Educational 
Psychology 



Russell J. Hosier 

Professor, Curriculum 
and Instruction 



Claus ton Jenkins 

Assistant Direcfoi 
Coord nobng Committee far 
H gher Education 



Herbert J. Klausmeier 

Director, R 4 0 Center 
Professor of Educational 
Psychology 



Stephen C. Kleene 

Dean, College of 
Lerrers and Science 



Donald J. McCarty 

Dean 

School of Education 



Ira Sharkansky 

Associate Professor of Political 
Science 



B. Robert Tabachnlck 

Chairmar, Department 
of Curriculum and 
Instruction 



Henry C. Welnlick 

Executive Secretory 

Wisconsin Education Associotion 



M. Crawford Young 

Associate Dean 
The Graduate School 



EXECUTIVE COMMITTEE 



Edgar F. Borgatla 

6r ftmgham Professor of 
Sociology 



Anne E. But jnon 

Project Specialist 
R & D Center 



Robin 5. Chapman 

Reseorch Associate 
R 4 D Center 



Robert E. Davidson 

Assistant Professor, 

Educotiono 1 Psychofogy 

Frank H. Farley 

Associate Professor. 
Educational Psychology 



Russell J, Hosier 

Processor of Curriculum and 
Instruction and cf Business 



♦Herbert J. Klausmeier 

Director, HD Center 
Professor of Educational 
Psychology 



Wa^ne Otto 

Professo’ of Curriculum ond 
Pnstruc’ion fReacf ng) 



Robert G. Petzold 

Associote Dean of the School 
of Education 

Profcsso r of Curriculum and 
Intfruciion and of Mul'C 



FACULTY OF PRINCIPAL INVESTIGATORS 



Vernon L. Allen 

Professor of Psychology 



Ted Czajkowski 

Assistant Professor of Curriculum 
ond Instruction 



Robert E, Davidson 

Assistant Professor of 
Educational Psychology 



Gary A. Davis 

Associate Professor of 
Educational Psychology 



M, Vere DeVaull 

Professor of Curriculum ond 
Instruction (Mathtmohcs) 



Frank H. Farley 

Associate Professor of Educational 
Psychology 



Lester $. Golub 

Lecturer in Cu - iculum and 
Induction ond m English 



John G. Harvey 

Associate Professor of 

Mathematics ond of Curriculum 
ond Instruction 



Herbert J. Klausmeier 

Director, R 4 D Center 
Professor of Educational 
Psychol of y 

Donald Lange 

Aisi»tent Professor el Curriculum 
and Instruction 



James Moser 

Assistant Professor of Mathematics 
Educator Vililng Scholar 



Wayne Otto 

P'ofessor of Curriculum and 
Instruction (Reading) 



Milton O, Pella 

Professor of Curriculum and 
Instruction (Science) 



Thomas A. Romberg 

Assoc.at* Director, R 4 D Center 
Professor of Mothemotici and of 
Curnculum and Instruction 



B. Robert Tabachnlck 

Choiimon, Deportment 
of Curriculum ond 
Instruction 



Richard L. Venezky 

Assistant Professor of EngKsh 
ond of Computer Sciences 

Alan Voelker 

Assistant Professor of Curriculum 
and Instruction 

Larry Wilder 

Asiisfont Professor of Curriculum 
ond Instruction 



Peter Wolf# 

Assistant Piofessor of Educotiono! 
Psychology 



“^’AGEMENT COUNCIL 

r J. Klausmeier Thsmas A. Romberg 

\f RAO Center Auociafe Director 

Kenmon Piofessor of 
Educat.onol Psychology 



James Walter 

Director 

Dtiseminof'on Program 



Dan G. Woolpert 

O' recor 

Opera! oni ond bylines* 



STATEMENT OF FOCUS 



The Wisconsin Research and Development Center for Cognitive Learn- 
ing focuses on contributing to a better understanding of cognitive learn- 
ing by children and youth and to the improvement of related educational 
practices. The strategy for research and development is comprehensive. 

It includes basic research to generate new knowledge about the conditions 
and processes of learning and about the processes of instruction, and 
the subsequent development of research-based instructional materials, 
many of which are disigned for use by teachers and others for use by 
students. These materials are tested and refined in school settings. 
Throughout these operations behavioral scientists, curriculum experts, 
academic scholars, and school people interact, insuring that the results 
of Center activities are based soundly on knowledge of subject matter 
and cognitive learning and that they are applied to the improvement 
of educational practice. 

This Technical report is from the Basic Pre-Reading Skills: Identi- 

fication and Improvement Project in Program 1. General objectives of the 
Program are to generate new knowledge about concept learning and cognitive 
skills, to synthesize existing knowledge, and to develop educational mater- 
ials suggested by prior activities. Contributing to these Program object- 
ives, this projects basic goal is to determine the processes by which 
children aged A to 7 learn to read, examining the development of related 
cognitive and language skills, and to identify the specific reasons why 
many children fail to learn to read* Later studies will be conducted to 
find experimental techniques and tests for optimizing the acquisition of 
skills needed for learning to read. By-products of this research program 
include methodological innovations in testing paradigms and measurement 
procedures; the present study is an example. 
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The development of differential vowel duration was observed in six 
children who were tape recorded at one-month intervals from 26 to 36 
months of age, and in three children from 21 to 24 months of age. By 
differential vowel deration is meant the relatively different durations 
of vowels according 5 to whether the following consonant is voiced or voice- 
less, stop or fricative (apart from intrinsic duration of the different 
vowels). The children's task was to produce a series of CVC English 
words using each of the vowels /I i u/ before one voiceless and one voiced 
fricative. Four stimulus conditions were used: 1) A visual stimulus, 

usin* familiar story-book pictures, and 2-4) three sets of tape recorded 
stimuli with the vowel / i / : one set had normal differential vowel dura- 

tion, another had abnormal equal vowel duration, and the third had four 
occurrences of each word with graded vowel durations. 

The children's responses were tape recorded in a sound- treated booth, 
and acoustic displays were made of their attempts to reproduce the stim- 
ulus words. Vowel duration measurements were made on duplex oscillograms; 
productions of the final consonants were transcribed by three linguists, 

J Results showed that acquisition of differential vowel duration pre- 
ceded control of the voicing feature which conditions it in adult English. 
Since there were very few mistakes in manner of articulation of tlie final 
consonants it was not possible to determine whether its control preceded 
that of differential vowel duration. Correct intrinsic vowel duration 
was produced in all responses. 

Some inferences were mad r from the results regarding development of 
differential vowc] duration and control of voicing of final consonants. 
Variations In responses under t lie four types of stimuli used, and indiv- 
idual variations between one child whose parent evidenced distinct dia- 
lect differences (black dialect), and the other eight children (white 
dialect), permitted the positing of three stages in the acquisition of 
differential vowel duration In American English in relation to the voic- 
ing of final consonants. In the first stage, the child imitates the 
adult's differential vowel duration very well and produces it correctly 
regardless of the final consonant. He does not have control of voicing 
of final consonants in the majority of his CVC utterances. As the child 
gains control of final consonant voicing in the majority of his CVC utter- 
ances (second stage), voiced final consonants become associated with in- 
creased vowel duration. In this stage, a voiced final consonant voula be 

his cue to produce a longer vowel, rather than direct Imitation of the 

vowel. In the third stage, which may perhaps be simultaneous with the 

second, or occur later, the child makes the reverse association, increased 

O r owel duration with voiced final consonants, which eventually permits in- 

) act as a sufficient cue to the perception of 
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INTRODUCTION 
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This study investigated the acquisition of differential vowel 
duration in American children from 21 months to 36 months of age. By 
differential vowel duration is meant the relatively different durations 
of vowels produce j before different final consonants. i n adult English 
the vowel durations differ as the final consonants differ in 1) voicing 

(voiceless or voiced) and 2) manner of articulation (stop or fricative). 

2 

This is also characteristic of certain other languages. A 
number of phonetic studies of American English with adult speakers 
over the past twenty years hav^ established that, other things being 
equal, a vowel is longer before a syllable-final voiced consonant than 
a voiceless consonant, and longer before a final fricative consonant 
than a stop consonant.^ This differential duration associated with 
the voicing and manner of articulation of the following consonant is 
quite independent of the intrinsic duration characteristic of each 
vowel, also reported in these previous studies. 

Since differential vowel duration for adults is predictable in 
terms of the phonological environment* it is appropriately treated as 
non-p ^nr-iic in the phonology of American English. This does not pre- 
clude the possibility, however , of its functioning as a phonemic feature 
at some stage in the developmeit of a child learning English as his 
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first language. Nor does its non-phonemic status in adult English bear 
on the question of whether differential vowel dui'ation is physiolog- 
ically conditioned^ (hence, possibly a phonetic universal), or learned^ 
(hence, language specific). Pertinent to both of these points is 
information about the stages of language development in children learn- 
ing American English as their first language, including specifically 
t lie relative order of acquisition of differential vowel duration versus 
the features which are said to condition it in adult English. 

Child language development studies have shown that the first 
stage in the development of a child’s phonological system comes with 
the consonant and vowel contrast. ^Ninety "four percent of tue utter- 
ances of children at 13 months of age consist of open syllables (CV or 
CVCV).^ Studies on the development of the feature of voicing of con- 
sonants have shown that control of production of voiceless consonants 
precedes that for voiced consonants, and studies on the development of 

the feature of manner of articulation of consonants have shown that 

8 

control of production of stops precedes that for fricatives. Con- 
sonants are used only initially and medially in tiic English syllabic 

system during tlu 1 first year of language acquisition, and it is not 

q 

until the second year that they are actually produced finally. 

To date, there Is very little known about t lie development in child 
language of noil-phonemic features of adult: language, such as differential 
vowel duration.^ There are 2 instances mentioned in t lie literature, 
however, where vowel Juration did function phonetically. Leopold 
(1939-49) writes that his daughter, Hildegarci, at age 2, used vowel 
length Lo distinguish between 'walk" and "fork" (wj;k}. Volten 



(1943) reports that his daughter, Joan, at age 2, used vowel length 
to distinguish between "beat 11 /put/ and "bead" /pu:t/> 

Given that children produce CV syllables from 13 months on, but 
not CVC syllables until possibly 24 months, and that control of voic- 
ing and manner of articulation of consonants is not simultaneous, it 
seemed likely that the CVC utterances of children in a longitudinal 
study from 21 to 36 months of age would give some insight into the 
acquisition process of differential vowel duration in relation to the 
features said to condition it in adult speech (voicing and manner of 
articulation of final consonants), especially if the latter were not 
fully controlled at the time of the acquisition of the former. 

Since Jakobson*s writin*,s in 1941, the notion has been accepted 
that a child acquires his phonological system in a non-random, pat- 
terned way. I did not undertake a full nhonemic analysis 
of the language system of each individual child, but rather looked In 
considerable detail at the acquisition process of differential vowel 

duration, Results should be relevant to studies of the patterning 
of language acquisition. 
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FOOTNOTES (Chapter 1) 

1. Throughout the paper, the voicing opposition of consonant classes 
is labeled voiceless/voiced, although it has been referred to 
elsewhere as tense/lax (Jakobson et al« , 1969; Chomsky and Halle, 
1968) or fortis/lenis (Mal^cot , 1970). The voiceless/voiced label 
was chosen because it refers directly to the vibration of the 
vocal cords and the acoustic representation of this periodicity 
was very important in the identification of voiced consonants 

in acoustic displays ox CVC words. 

2. The presence of conditioned differential vowel duration in 
Spanish was reported by Zimmerman and Sapon, 1957, and criticized 
by Delattre, 1962. Vowel duration in English, German, Spanish 
and French was also discussed by Delattre, 1965. 

3. An early study on the influence of final consonants on the 
duration of preceding vowels was reported by House and 
Fairbanks, 1953. Vowel duration before voiceless consonants 
was reported to be 66% of that before voiced consonants, summed 
across all vowels. Vowels were always relatively shorter before 
stops than before fricatives, but no fixed ratio was established. 

4. The possibility of differential vowel duration being physiolog- 
ically conditioned has been suggested by Stevens (personal 
corranuni cation , December 30, 1968). 

5. The possibility of differential vowel duration in Fnglish 
being basically learned has been suggested by Lehiste 
(personal communication, December 14, 1968). 
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FOOTNOTES continued (Chapter 1) 

6. This initial contrast of consonant versus vowel is a 
universal first stage in child language acquisition 
(Jakobson, 1941). 

7. This was generally the case for children studied from 
13 to 18 months of age, Winitz and Irwin, 1958. 

8. This was shown for English by studies done by Irwin, 1947; 
Albright and' Albright , 1956; Weir, 1962; Ervin and Miller, 1963; 
and Moskowitz, 1970. The same was reported for Russian by 
Shvachkin, 1948; and for Japanese as well as English, by 
Menyuk , 1968. 

9. Studies on consonantal position in the early stages of child 
language development have been reported by Irwin, 1951 and 1958, 

10. There have been some studies on the development of supra- 
.segmentals in infant speech which indicate that stress and 
intonation are very important relatively early in the language 
acquisition process (Pike, 1949), Lewis (1951) speculates 
that intonational rather than phonetic form may dominate in 
a child's response, in a certain stage pri'r to his complete 
control of the phonetic form. Blasdell and Jensen (1970) 
have experimented with stress patterns in imitation tasks 
with 28 to 39 month old children and have found that they 
learned the stressed words faster. Duration was not controlled 
in these experiments, however, only fundamental frequency and 
amplitude. Stress and intonation patterns are carried by 
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FOCP’NOTES continued (Chapter 1) 
the fundamental frequency, amplitude and duration of 
the vocalic segments of speech* Thus, there is a 
good possibility that on the basis of results from 
these types of studies, one might predict good attentiveness 
to, and close production of, differential vowel duration 
at a very early stage in child language development. 
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Chapter 2 

FIRST STUDY; VOWEL DURATION IN CHILDREN'S 
RESPONSES ELICITED V’lTH A PICTURE STORY 

INTRODUCTION 

This study investigated the development of product Lon of correct 
differential vowel duration in utterances elicited with a picture story. 
The main question asked was the following; At what age does production 
of correct differential vowel duration emerge? A pilot study with 3 
subjects showed that correct differential vowel duration was produced 
by children 36 months of age. To study the developmental process in 
depth, two groups of children were chosen for longitudinal study. The 
first group was recorded over 10 monthly sessions from approximately 
26 to 36 months of age. The need for a second, younger, group of chil- 
dren became apparent when it was discovered that some development had 
already takan place prior to the age of 26 months. The second group was 
recorded over a 3-n.onth period from approximately 22 to 24 months of 
age. 

The study of longitudinal development *«?as two-fold* It involved 
1) the study of the development of control of manner and voicing of the 
final consonant in a CVC word, and 2) the study of the development of 
differential vowel duration in relation to 1). Since it was entirely 
possible that correct differential vowel duration could be produced 
regardless of the nature of, or even occurrence of, the final consonant, 
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all responses were examined closely, even those in which no final 
consonant was produced, l.e. the study sought to determine at what 
age children produce correctly 1) voicing of final stops, 2 ) voicing 
of final fricatives, and 3) manner of articulation of final stops 
and fricatives; and whether each of these precedes or follows 
production of currect differential vowel duration. The study also 
sought to determine at what age children produce correct differential 
intrinsic vowel duration. Evidence of control of differential vowel 
duration and the* voicing arid manner of articulation of final consonants 
is based on tape recordings of the childrens speech which were 
analyzed acoust ically; no physiological testing was done. 
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M ETHOD 

STIMULUS MATERIALS 

Because; of the limit of a child's attention span, only 3 vowels 
were chosen for study. They represented the tense/lax contrast and 
the front/back contrast. The vowels chosen were the following: the 

close lax frjnt vowel /I/, of short intrinsic duration, the close tense 
front vowel /i/ of medium intrinsic duration and the close tense back 
vowel /u/ also of medium intrinsic duration. For average intrinsic 
duration values see Table 1. 

Twelve common C(C)VC words each containing a vowel followed by a 
voiceless stop consonant, a voiced stop consonant, a voiceless frica- 
tive consonant or a voiced fricative consonant were chosen. The words 
used were the following: 



For the voweL /I/ 

/stlk/ "stick" 
/bib/ "bib" 

/kls/ "Slits** 
/hlz/ "his" 



For the vowel / i/ 

/fit/ "feet" 

/ sid/ "seed" 

/ t i©/ "teeth" 
/piz/ "peas" 



For the vowel /u/ 

/but/ "boot" 

/fud/ "food" 

/fcu / "goose" 
/Juz/ "shoes" 



A short story entitled The Scary Goose Story utilizing the above 
words was written. * The order of the words followed the story line 
rather than any particular order of vowel duration. The format of the 
story required the subject to complete a sentence by saying the word 
which was pictured. For example, the first sentence was, "Here’s George 
Brown, and on his foot he’s wearing only one black. •• (boot) There 
was a picture of a boy wearing only one black boot. Two versions of 
O the story were written. In the first version of the story, which was 

ERIC 



Table 1 

Intrinsic vowel duration (msec) of selected vowels 
in four studies of American English 





Close lax 
vuwel /I/ 


Close tense 
vowel / i / 


Close tense 
vowel /u/ 


House and 
Fairbanks, 
(1953), p. Ill 
10 speakers 
12 CVC words 


not studied 


199 


195 


Peterson and 
Lehis te, 
(I960), p. 702 
5 speakers 
30 CVC words 


161 


207 


235 


House, 

(1961), p. 1176 
3 speakers 
14 CVC words 


168 


216 


216 


Naeser , 
(1970b), 

8 speakers 


162 


199 


199 



16 CVC words 




Mean 



164 



205 



211 
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used with the first group of children, the word /hlz/ was used for the 
lax vowel /I/ followed by a voiced fricative. This possessive morpheme, 
however, caused some difficulty in eliciting responses from the children. 
Later, in the second version of the story, which was used with the sec- 
ond, younger group of children,, the substantive morpheme /biz/, a then 
new laundry product on the market, was substituted for /hlz/. See 
Appendix A for both versions of The Scary Goose Story * Several copies 
of the story were made so that each child had his own book. 



SUBJECTS 
Group 1 

Criteria for accepting a child into this group were the 
following: 

1. The child was approximately 25 months of age. 

2. The child was at least at "the naming stage" in 

language development (i.e. he was able to name objects spontaneously). 

3. No other language besides American English was spoken in 
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the home . 

Six children, 3 male (white), 3 female (white), were chosen to: 
this 10 month study. Their mean age at the beginning of the study 
was 25.2 months. All of the male and one of the females had 1 or more 
Ider siblings. The children were from upper middle class families 
living in Madiosn, Wisconsin. 

Group 2 

Criteria for accepting a child into this group were the same 
as above except for the following: 

1. The child was approximately 22 months of age. 

2. The child was in the stage of phonological development where 
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he sometimes substituted voiceless final consonants for voiced final 
consonants. 

Three children, 2 male (white), 1 female (black) were chosen for 
this 3-month study. One of the males and the female had 1 or more older 
siblings. The children were from upper middle class families living in 
Madison, Wisconsin. The parents of the white subjects were from the 
upper Midwest; the parents of the black subject were from Louisiana. 

PROCEDURE 

Ea . i child practiced saying the words for the picture story with 
his parents at home. Then, a parent of each child accompanied him to 

the Department of Linguistics Phonetics Laboratory each month. During 

the monthly recording session, the child spontaneously uttered the 
words in the story as he read through it with his mother or the experi- 
menter. Children in Group 1 read through the story twice each month 
for 10 months; those in Group 2 read through the story 4 times in each 

of the two recording sessions for that group. As each child was also 

taking part in a vowel duration study investigating utterances elicited 
with a stimulus tape, each recording session took from S to 1 hour. 

There were frequent play periods in between the actual recording periods, 
however, to keep the child happy and interested. Most recording sessions 
were in the early morning. 

Recording was done in a sound-treated booth where the child, the 
mother and the experimenter sat at a table. An Altec microphone (Model 
684 B) was used with a Shure microphone mixer (Model M68) for necessary 
amplification in recording. Recording was done at 7*3 i.p.s. on 1*3 mil 
175 Tenzar Scotch magnetic recording tape on a Sony tape recorder (Model 
TC-777-4). For a schematic diagram of the recording procedure, see Fig. 1. 
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Sound-Treated Booth 




Fig. 1 Schematic diagram for recording utterances elicited 

with a picture story at the Department of Linguistics 
Phonetics Laboratory 
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During the first 5 months of the study for Group 1, it was found 
that any toys in the sound- treated booth severely distracted the child 
from the story and had to be removed. During the last 5 months, a toy 
monkey inside the booth was helpful in maintaining the child r s attention 
and interest. Being allowed to play with it after the story was completed 
was a welcome reward for these children fron 31-36 months of age. No 
toys of any kind were allowed in the booth with the children in Group 2. 

A parent of each child was recorded under the same conditions over 
a 3-month period. Each parent read through the story twice each month. 




Acoustic Analysis of Responses 

Duplex oscillograms were produced for vowel duration measurements 
for the response utterances. For a detailed explanation of production 
and segmentation of duplex oscillograms, see Appendix B. 

The duplex oscillograms were segmented and a first transcription 
of the response utterances was done by the author. Two transcription 
checks were then done by two other linguists. 

Responses were not counted which were subjectively judged by the 
transcribers to be too loud or too soft. Also, responses were counted 
only when the child uttered the word for the picture by himself. If the 
mother or the experimenter had to say the word first, then the child 
repeated it, the response was not counted. 

The vowel duration values for each response utterance were then 
coded for computer analysis of data reduction. The class of the final 
response consonant - voiceless stop, voiced stop, voiceless fricative, 
voiced fricative, voiceless affricate, voiced affricate, nasal, open 
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syllable - was coded with each vowel duration value. 

RESU LTS A JD DISCUSSION 
SCORI N G OF VOW EL DURATION DATA 

The vowel durations produced by the children were scored in 5 
ways. Mean vowel duration values were computed according to the 
stimulus consonant, the response consonant, and the correctness or 
incorrectness of the child* s response consonant, in the following 
combinations ; 

All response consonants as a function of the stimulus 

Scor ing procedure type 1 used mean vowel duration values 

from the response utterances obtained for a given stimulus word, 

whether the final response consonant produced was correct or 
2 

incorrect . 

Response consona nts as a function of the response 

Scoring procedure type 2 used mean vowel duration values only when 

the final response consonant produced was a voiceless stop, a voiced 

stop, a voiceless fricative, or a voiced fricative, whether it was 

3 

a correct or an incorrect re ooi.. Type 2 thus had both correct and 
incorrect responses counted as a function o the response consonant 
actually produced in the computation of mean vowel duration values. 

All co rrect response conson ants 

Scoring procedure type 3 used mean vowel duration values only from 

response utterances where the final response consonant was produced 
4 

correctly. 

Incorrect response consonants as a function of the stimulus 

Scoring procedure type 4 used mean vowel duration values only 
from response utterances where the final response consonant was 
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produced incorrectly, regardless of the nature of the incorrect 

production, and the values were scored as a function of the stimulus 
5 

consonant . 

Incorrect res ponse consonants as a function of the__response_ 

Scoring procedure type 5 used mean vowel duiation values computed 
from the incorrect response utterances in which the final response 
consonant was either a voiceless stop, a voiced stop, a voiceless 
fricative, or a voiced fricative (a subset of the incorrect responses 
in Type 4). These responses were then counted as a function of the 
response consonant in the computation of mean vowel duration values. 

Response utterances from the 9 children from the 2 groups in 
this longitudinal study were separated into 5 groupings based on age 
and recording session number, in the following way: 

Recording Mean No. of Group 

Session No . Age (mo.) Children No_;_ 



1 


22 


3 


24 


1-3 


27 


4-6 


30 


7-10 


34 



Responses for each child are listed with vowel durations and final 
response consonants produced in Appendix C. 

DESCRIPTIVE ANALYSIS OF RESULTS 

The ages at which the children correctly produced 1) voicing of 
final stops, 2) voicing of final fricatives and 3) manner of articulation 
of final stops and fricatives and the ages at which the children 
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produced correct differential vowel duration are given below. The 
development of correct intrinsic vowel duration is also discussed. 
Development of the differential vowel duration for each of the 3 vowels 
is treated separately because physiologically each is produced 
differently. As previously mentioned, they represent the tense/lax 
and front/back contrasts. It is important to know if differential 
vowel duration develops with the same pattern for all 3 vowels or if 
it appears later with the tense vowels or the back vowel than with 
the lax vowel or front vowels. 

Vowel duration in relation to voicing of final stops 

Final stops after /l/« Table 2 shows that the children pro- 
duced the final voiceless stop (here /k/) with 07 o error from the mean 
age of 22 months on. This table also shows, however, that with respect 
to voicing, the children at the mean age of 22 months produced the voiced 
stop (here / b/) with 50% error. The error rate here decreased with 
increasing age until 34 months where there was only a 2 % error rate, 
Scoring procedu.e type 1 on Table 3 and Fig, 2 shows, however, 
that despite the incorrect production of final voiced stops, correct 
differential vowel duration was produced continuously from the mean 
age of 22 months, when vowel di. ration before voiceless stops was 49% 
of that before voiced stops. At the mean age of 34 months, vowel dura- 
tion before voiceless stops was 63% of that before voiced stops. The 
same pattern was also seen in scoring procedure types 2 and 3. 

The actual response consonants which were substituted for the 
stimulus voiced stop /b/ are shown in Table 2. Throughcut all age groups 
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Table 2 

First study, children's responses to picture stimuli. 
Incorrect response consonants and missing responses 
for 111 y lily /u/ before stops 



Sess . 


Mean 




/st Ik / 


/bib/ 


/fit/ 


/sid/ 


/but/ 


/ fud/ 


No. 


Age(mcs) 


VI. st. 


Vd.st. 


VI 


. s t . 


Vd.st. 


VI 


.st . 


Vd.st. 


1 


22 


Inc. resp. cons. 


0 


6/p / 


I/ts/ 


6 / 1 / 


0 




6 / 1 / 






No. inc. resps . 
% inc . resps. 


0 

07 o 


l 

50% 


i 


8% 


6 

50% 


0 


0% 


50% 






No. missing resps 
% miss ing resps . 


.0 

07o 


1 

8% 


0 


0% 


0 

0% 


0 


0% 


0 

0% 


3 


24 


Inc. resp. cons. 


0 


4/p/ 


0 




4/t/ 


0 




4/t/ 






No. i-nc. resps. 
% inc. resps. 


0 

0% 


4 

33% 


0 


0% 


4 

33% 


0 


0% 


4 

33% 






No. missing resps 
% missing resps. 


.0 

07, 


0 

0% 


0 


0% 


0 

0% 


0 


0% 


0 

0% 


1-3 


27 


Inc. resp. cons. 


0 


9/p / 
2/m/ 
1/t/ 


3/ts/ 

1/d/ 


7 / 1 / 
l/dz/ 
1/0/ 


0 




8/ 1 / 
2/n/ 
l/dz/ 






No. inc. resps. 
7. inc. resps - 


0 

0% 


1? 

33% 




11% 


9 

25% 


0 


0% 


11 

30% 






No. missing resps 
7o missing resps. 


.5 

137, 


4 

11% 


7 


19% 


5 

13% 


5 


13% 


6 

16% 


4-6 


30 


Inc. resp. cons. 


0 


3/p/ 

2/m/ 


3/ts / 


4/t/ 

1/ts/ 

1/0/ 


0 




i/t/ 






No. inc. resps. 
% inc. resps. 


(T — 
07, 


5 

13% 


3 


8% 


S’ 

16% 


0 


0% 


1 

2% 






No, missing resps. 0 
% missing resps. 87. 


2 

5% 


2 


5% 


2 

5% 


3 


8% 


2 

5% 


7-10 


34 


Inc. resp. cons. 


0 


4/p/ 

l/m/ 


1/ts/ 


1/t/ 


0 




3/ 1 / 






No. inc. resps. 
% inc. resps. 


0% 


2% 


1 


2% 


T 

2% 


6“ 


0% 


3 

6% 






No. missing resps 
7, missing resps. 


10 

20% 


8 

16% 


9 


18% 


11 

22% 


10 


20% 


9 

18% 




Table 3 ^g 

First study, childrens responses to picture stimuli. Mean vowel 
duration (msec) and duration ratio for 111 before stops in /stlk/, /bib/, 
as a function of children's age . 

Type 1 Type 2 Type 3 Type 4 Type 5 

All resp. Response All correct Inc R Inc R 
Scss Child Age cons/stim cons/resp resp cons cons/S cons/R 



No. 


No. 


(mo) 


VI. 


Vd. Rat. 


VI. 


Vd. Rat. 


VI. Vd. Rat. VI. 


Vd. 


VI. 


Vd. 


1 


7 


24 


144 


275 .52 


144 


275 .52 


144 275 ,52 — 








1 


a 


21 


160 


281 .57 


220 





160 — 


281 


281 





1 


9 


21 


92 


238 .39 


133 


262 .51 


92 262 .35 — 


215 


215 


— 


1 


Mean 


12 


nr 


235 .4? 


166 268 .61 


132 268 .49 — 


248 


248 


— 


3 


7 


26 


182 


235 .78 


182 


235 .78 


182 235 .78 — 








3 


8 


23 


205 


340 .60 


2 72 




205 — 


340 


340 


— 


3 


9 


23 


95 


2i8 .43 


95 


218 .43 


95 2 18 .43 — 








3 


Mean 


S4 


160 264 .60 18? 226 .80 


160 226 .70 — 


~340" 


"34l7 




1-3 


1 


27.6 


162 


342 .47 


188 


448 .41 


162 448 .36 


290 


32 2 




1-3 


2 


28.5 


151 


310 .48 


151 


310 .48 


151 310 .48 








1-3 


3 


25 


136 


418 .32 


136 


418 .32 


136 418 .32 — 








1-3 


4 


25.6 


110 


222 .49 


166 





no — 


222 


222 


_ _ _ 


1-3 


3 


27.6 


195 


199 .97 


186 


161 U5 


195 161 121 — 


275 


275 





1-3 


6 


28 


170 


252 .67 


170 


25° .67 


170 252 .67 — 








1-3 _ 


Mean 


1L 


154 


290 .53 


166 


318 .52 


154 318 .48 — 


262 


TtT 


— 


4-6 


1 


31.5 


135 


188 .71 


135 


188 .71 


135 188 .71 — 








4-6 


2 


31 


153 


224 .68 


153 


224 .68 


153 224 .68 — 








4-6 


3 


29 


110 


190 .57 


110 


190 ,57 


110 190 .57 — 








4-6 


4 


29 


140 


269 .52 


173 


310 .55 


140 310 .45 — 


2 34 


2 34 





4-6 


5 


31.5 


203 


276 .73 


203 


276 .73 


203 276 .73 








4-6 


b 


31 


138 


226 .61 


139 259 .53 


139 259 .53 — 








Mean 


3(572" 


146 


228 .64 


152 


241 .63 . 


14& 241 .60 — 


234 


234 





7-10 


1 


34.5 


135 


298 .45 


140 


326 .42 


135 326 .41 


190 


212 




7-10 


2 


34.5 


136 


174 .78 


136 


174 .78 


136 174 .78 — 








7-10 


3 


32.5 


114 


242 .47 


114 


256 .44 


114 256 .44 — 


215 








7-10 


4 


31.5 


231 


298 .77 


231 


298 .77 


231 298 .77 — 








7-10 


5 


34.5 


244 


355 .68 


260 


346 .75 


244 346 .70 — 


380 


380 


— 


7—10 


6 


34.5 


100 


168 .59 


100 


168 .59 


100 168 .59 — 








7-10 


Mn 7 


33,9 


160 


256 .63 


164 


261 .62 


160 261 .61 — 


26? 


2 9$ 






Parent No. 
















1-3 


7 












142 257 .55 








1-3 


tS 












178 334 .53 








1-3 


9 












187 238 .78 








1-3 


1 












124 198 .62 








1-3 


> 












108 195 .56 








1-3 


3 












122 162 .75 








1-3 


4 












112 212 .53 








1-J 


3 












108 176 .62 








1-3 


6 












114 216 .53 








1-3 Mean 












132 220 .60 









o 




T yP e 1 Type 2 Type 3 Type 4 Type 5 

response Response All correct Incorrect response Incorrect response 

consonants/ stimulus consonants/ response response consonants consonants /stimulus consonants /response 
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the most common substitution was the voiceless stop / p/ with 26 occur- 
rences, then /n/ with 5 occurrences . ^ 

Scoring procedure type A on Table 3 and Fig* 2 shows mean vowel 
duration before all the consonants which were used incorrectly for the 
stimulus voiced, stop /b/. At 22 months the mean vowel duration before 
response consonants substituted incorrectly for /b/ (Type A) was 2A8 
msec (all following durations are given in msec) and the mean vowel 
duration before voiced stops produced correctly (Type 3) was 268* 

This is only a 20 msec difference. (The mean vowel duration before 
voiceless stops produced correctly was 132, a 116 msec difference.) 

Thus, Type A showed that the voiceless stops which were substituted for 
the voiced stop /b/, at 22 months, were used with correct increased 
vowel duration appropriate for the stimulus consonant, not the final 
response consonant. The same pattern was true for the other age groups. 
These findings are further substantiated by scoring procedure type 5. 

Type 5, on Table 3 and Fig. 2, shows the mean vowel duration for 
the incorrectly used response consonants. At 22 months, the r?an vowel 
duration before the incorrectly used voiceless stops (Type 5) was 2A8 
(here, the same as Type A) and the mean vowel duration before the 
correctly used voiceless stops (Type 3) was 132. This 116 msec difference 
shows that the children did not produce the correct increased vowel dura- 
tion appropriate for the final response consonant, but rather they pro- 
duced the correct increased vowel duration for the original stimulus 
consonant • 

Fig. 3 compares the mean vowel durations for /I/ before correctly 
used voiceless and voiced stops (Type 3), with mean vowel durations 
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Fig. 3 First study, mean vowel duration for / l/ , / i/ , /u/ before correctly used voiceless and 
voiced stops and before voiceless stops substituted for voiced stops, as a function of 
children* s age. 
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before voiceless stops substituted for the voiced stop / b / (Type 5). 

This graph shows clearly chat for all age groups the vowels produced 
with voiceless stops which were substituted for the voiced stop were 
much closer in mean duration to those used with the correctly produced 
voiced stops than to those used with the correctly produced voiceless 
stops. Thus, in summary, for the vowel /I/ before final stops, the 
vowel duration was usually appropriate for the final stimulus consonant 
regardless of the nature of the final response consonant. 

Scoring procedure types 4 and 5 will not be discussed in detail in 
this chapter for the renaining vowels in the remaining consonant environ- 
ments because the same general pattern which occurred with the vowel /I/ 
before stops repeats itself with / i/ and /u/ before stops as well as 
fricatives. A detailed discussion of the vowel durations produced with 
incorrect consonant substitutions (Types 4 and 5) is in Appendix t>. 

Final stops after / i / . Table 2 shows that regarding production of 
tha final voiceless stop (here / t/) there ware error rates which ranged 
from 11% at 27 months to 2% at 34 months. A similar decreasing error 
rate was seen for the voiced stop (/d/) with 50% error at 22 months and 
2% at 34 months * 

Scoring procedure type 1 on Table 4 and Fig* 4 shows, however, that 
despite the incorrect production of some of the final stops, correct 
differential vowel duration was produced continuously from the mean age 
of 22 months, where vowel duration before voiceless stops was 52% of 
that before voiced stops. At 34 months the vowel duration before voice- 
less stops wap 63% of that before voiced stops. The same pattern was 

o 
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Table 4 

First study , children' s responses to picture stimuli. Mean vowel 23 
duration (msec) and duration ratio for / i/ before stops in /fit/, /sid/, 
as a function of children 1 s age 

Type 1 Type 2 Type 3 Type 4 Type 5 

All resp. Response All correct Inc R Inc R 

Sess Child Age cons/stim cons/resp resp cons cons/S cons/R 



No 


. No. 


(mo) Vl. 


Vd. 


Rat . 


VI. 


Vd. 


Rat . 


VI. 


Vd. 


Rat . 


VI. 


Vd. 


VI. Vd. 


1 


7 


24 


195 


388 


.50 


195 


388 


.50 


195 


388 


.50 








1 


8 


21 


215 


338 


.64 


262 


— 


— 


215 


— 


--- 


— 


338 


286 — 


1 


9 


21 


12 8 


315 


.41 


204 


322 


.63 


135 


322 


.42 


110 


308 


308 — 


1 


Mean 


22 


180 


346 


.52 


220 


355 


.61 


182 


355 


.50 


110 


322 


T97 — 



3 7 26 208 308 .67 208 308 .67 208 308 .67 

3 8 23 508 588 .87 496 508 

3 9 23 201 496 .41 201 496 .41 201 496 .41 

3 Mean?4~ 306 4 64 .65 302 402 .74 306 4 02 . 76 



1-3 


1 


27.6 


248 


338 .73 


248 


355 .69 


248 


355 


.69 


— 


435 


- 


1-3 


2 


28.5 


2 58 


491 . 52 


- — 


462 — 


— 


532 


— 


2 58 


475 





1-3 


3 


25 


192 


348 .55 


192 


348 .55 


192 


348 


.55 








1-3 


4 


25.6 


2 50 


310 .80 


2 56 


325 .78 


2 50 


325 


.76 


— 


328 


318 - 


1-3 


5 


27.6 


2 74 


414 .66 


308 


318 .96 


2 74 


318 


.86 


— 


462 


410 - 


1-3 


6 


28 


222 


326 .68 


218 


326 .66 


138 


226 


.61 


210 






T-3 Mean 21 


2 40 


371 .64 


IW 


356 .68 


220 


350 


.62 


234 


42 5 


364 


4-6 


1 


31.5 


155 


2 75 .56 


208 


315 .66 


140 


315 


.44 


166 


2 70 


248 ■ 


4-6 


2 


31 


158 


284 .55 


158 


284 .55 


158 


2 84 


.55 








4-6 


3 


29 


176 


662 .26 


176 


559 .31 


176 


559 


.31 




1210 





4-6 


4 


29 


2 50 


310 .80 


283 


328 .72 


268 


328 


.81 


— 


442 


344 - 


4-6 


5 


31.5 


186 


265 .70 


185 


265 .69 


186 


265 


.70 








4-6 


6 


31 


222 


326 .68 


152 


455 .33 


152 


455 


.33 








7^6 Mean 


T(572 


191 


354 .53 


194 


368 .52 


180 


368 


.48 


166 640 2 96- - 


7 — 10 


1 


34.5 


245 


390 .62 


204 


390 .52 


204 


390 


.52 


470 






7-10 


2 


34.5 


2 58 


491 .52 


158 


271 .58 


158 


271 


.58 








7-10 


3 


32 .5 


172 


460 .37 


180 


481 .37 


172 


481 


.35 


— 


270 


2 70 - 


7-10 


4 


31.5 


2 96 


364 .81 


296 


364 .81 


2 96 


364 


.81 








7-10 


5 


34.5 


336 


434 .77 


336 


434 .77 


336 


434 


.77 








7-10 


b 


34.5 


308 


408 .75 


308 


408 .75 


308 


408 


.75 








7-f<y Mil. 


3T.T 


~ZW 


”524 . 63 


247 


391 .63 


246 


391 


.62 


470 


270 


270 - 



Parent No. 
t-3 *» 

1-3 8 

1-3 9 

1-3 l 
1-3 2 

1-3 3 

1-3 4 

1-3 5 

1-3 6 

1-3 Mean 



190 392 .51 
230 448 .51 
203 312 .65 

159 219 .73 
174 295 .59 
162 232 .70 
202 325 .62 

160 226 .71 
166 312 .54 
'182 306 . 59 



588 489 — 

““588"489"--- 



Type 1 Type 2 Type 3 Type 4 Type 

All response Response All correct Incorrect response Incorrect 

consonants/s timulus consonants/response response consonants consonants/stimulus consonants/ 




First study, children * s responses to picture stimuli, Ilean vowel duration and duration 
ratio for / i/ before stops in /fit/, /sid/, as a function of children’s age. 
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also seen in Types 2 and 3. 

The actual response consonants which were substituted for the 
stimulus voiceless stop / t / are shown in Table 2. Throughout all age 
groups, the most common substitution was the voiceless affricate /ts/ 
with 8 occurrences. This is probably because of the morphological 
(plural) irregularity in the stimulus word, /fit/. The affricate / ts/ 
substitutions for the stop / t / formed the regular plural form in English. 

The response consonants which were substituted for the stimulus 
voiced stop /d / are also shown in Table 2, Throughout all age groups, 
the most common substitution was the voiceless stop / t / with 22 occur- 
rences . 

Scoring procedure types 4 and 5 for / i / before stops are listed in 
Table 4 and displayed in Fig. 4. They are discussed in detail in 
Appendix D. Fig. 3 shows that vowels before voiceless stops incorrectly 
substituted for the voiced stop /d / were closer in duration to those 
before correctly used voiced stops, than to those before correctly 
used voiceless stops. Thus, vowel duration for / i / before incorrectly 
substituted final response consonants was usually closer to the expected 
vowel duration before ♦'he stimulus consonant than to that before the 
incorrect response consonants. 

Final stops after /u/ . Table 2 shows that children produced the 
voiceless stop (/t/) with 0% error from the mean a&e of 22 months on. 

This table also shows, however, that at 22 months, they produced the 
final voiced Stop (/ d/ ) with 57. error; at 24 months, 337. and then 
finally a low 67- error rate again at 34 months. 
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Scoring procedure type 1 on Table 5 and Fig. 5 shows, however, that 
despite the incorrect production of the final voiced stops, correct dif- 
ferential vowel duration was produced continuously from the mean age of 
22 months at which time the vowel duration before voiceless stops was 
70% of that before voiced stops. At 34 months vowel duration before 
voiceless stops was 61% of that before voiced stops. The same pattern 
was also seen in Types 2 and 3, 

The actual resporse consonants which were substituted for the 
stimulus voiced stop / d/ are shown in Table 2. Throughout all age 
groups, the most common substitution was the voiceless stop / t / with 
22 occurrences. 

Scoring procedure types 4 and 5 are listed in Table 5 and displayed 
in Fig. 5. They are discussed in detail in Appendix D. Fig. 3 shows 
that the mean vowel duration before voiceless stops incorrectly sub- 
stituted for the voiced stop /d / was closer to the duration before the 
correctly used voiceless stops. Thus, vowel duration for /u/ before 
incorrectly substituted final response consonants was usually closer to 
the expected vowel duration befote the stimulus consonant than the 
incorrectly substituted response consonant. 
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Type 1 Type 2 Type 3 Type 4 Type 

All response Response All correct Incorrect response Incorrect 

consona.its/stimulus consonants/response response consonants consonants/stimulus consonants 
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Fig. 5 First study, children's responses to picture stimuli. Kean vowel duration and duration 

ratio for /u/ before stops in' /but/, / fud/ , as a function of children s age- 



Table 5 

First study, children's responses to picture stimuli* Kean vowel 28 
duration (msec) and duration ratio for /u/ before stops in /but/, /fud/, 
as a function of children's age 



Type 1 



Type 2 



Type 3 Type 4 Type 5 



Scss 

No. 


Child Age 
No. (mo) 


All resp. 
cons/s t im 
VI. Vd. Rat. 


Response 
cons/resp 
VI. Vd. Rat. 


All correct 
resp cons 
VI. Vd. Rat. 


Inc R Inc R 

cons/S cons/K 
VI. Vd. VI. Vd. 


1 


7 


24 


202 


315 


.64 


238 


293 


.81 


202 293 


.69 




380 380 — 


1 


8 


21 


2 72 


313 


.87 


2 90 


370 


.78 


2 72 — 


— 


— 


313 313 370 


1 


9 


21 


170 


292 


.58 


218 


272 


.80 


170 272 


.62 


— 


312 312 — 


1 


Mean 22 


~2TJ 


3TOT 


.70 248 312 779 ^T5 ZSZ 


.76 


— 


3?5 53J 370 


3 


7 


26 


186 


280 


.67 


186 


280 


.67 


186 280 


.67 






3 


8 


23 


311 


455 


.68 


383 


— 


— 


311 — 


— 





455 455 — 


3 


9 


23 


158 


468 


.34 


158 


468 


.34 


158 468 


.34 






3 


Mean 24 


Z 18 400 


.54 




374 


.64 


Tig 575“ 


.58 


— 


- 455 - 455 '-“ 


1-3 


1 


27.6 


253 


505 


.50 


263 


722 


.36 


253 722 


.35 




396 410 


1-3 


2 


28.5 


234 


415 


.56 


234 


398 


.58 


234 398 


.58 


. 


320 


1-3 


3 


25 


312 


680 


.45 


313 


680 


.46 


312 680 


.45 




— 135 — 


1-3 


4 


25.6 


184 


594 


.30 


32 7 


630 


.51 


184 630 


.29 





532 532 — 


1-3 


5 


27.6 


299 


408 


.73 


324 


390 


.83 


299 390 


.76 





412 412 


1-3 


6 


28 


2 73 


450 


.60 


2 73 


450 


.60 


273 450 


.60 






l-3Mean 2 7 


2 59 508 750 


289545 


.53 


T59 545 


. 4 ; 


— 


3T5 1TZ ~ — 



4-6 


1 


31, 


► 5 


181 


410 


.44 


181 


410 


.44 


181 


410 


.44 - 






4-6 


2 


31 




165 


350 


.47 


165 


350 


.47 


165 


350 


.47 - 






4-6 


3 


29 




148 


505 


.29 


148 


505 


.29 


148 


505 


.29 - 






4-6 


4 


29 




189 


594 


.31 


189 


594 


.31 


189 


594 


.31 - 






4-6 


5 


31. 


,3 


240 


390 


.61 


240 


390 


.61 


240 


390 


.61 - 






4-6 


6 


31 




138 


226 


.61 


2 30 


542 


.42 


204 


542 


.37 - 


— 315 


313 - — 


4*- 6* Mean 


3(0 


T7(T 


"sir 


.42 


192 


4T5T?r 


188 


463 




zzl 3 Al 


Jkl ~ 


7-L0 


L 


34. 


5 


279 


436 


.63 


326 


333 


.97 


2 79 


333 


.83 - 


— 742 


742 — - 


7-10 


l 


34. 


5 


140 


271 


.52 


140 


271 


.51 


140 


271 


.51 - 






7-10 


3 


32. 


5 


164 


426 


.38 


164 


426 


.38 


164 


426 


.38 - 






7-10 


4 


31. 


5 


384 


502 


.76 


384 


502 


.76 


384 


502 


.76 - 






7- 10 


5 


34. 


5 


310 


433 


.71 


313 


435 


.71 


310 


435 


.71 - 


— 335 


335 — 


7-10 


6 


34. 


5 


138 


226 


.61 


138 


226 


.61 


138 


226 


.61 - 






7£l0 


Mn. 


33. 


4 


236 


382 


.61 


244 


366 


.66 


236 


366 


.64 - 


-- 538 


538 — 




Parent 


No 


. 






















1-3 


7 


















209 


401 


.53 






1-3 


S 


















239 


409 


.58 






1-3 


9 


















200 


282 


.71 






1-3 


1 


















183 


2 52 


.75 






1-3 


2 


















184 


296 


.62 






1-3 


3 


















160 


265 


.61 






1-3 


4 


















205 


312 


.66 






1-3 


5 


















178 


228 


.78 






1-3 


6 


















193 


32 3 


.60 






1-3 Mean 


















194 


308 


.62 ‘ ~ 








j. 



50 
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Vowel duration in relation to fin al f r ica t ive s 

Final fricatives after / 1/ . Table 6 shows that children at 22 
and 24 months produced the final voiceless fricative (/s/) with no errors. 
There wao a 57, error rate at the mean age of 27 months, then no errors 
again at 30 and 34 months. This table also shows that at 22 months, 
the children produced the final voiced fricative (/z/) with 33% error and 
there was a decreasing error rate until 34 months when there were 
no errors . 
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Scoring procedure type 1 on Table 7 and Fig. 6 shows, however, 
that despite the incorrect production of some of the final fricatives, 
correct differential vowel duration was produced continuously from the 
mean age of 22 months, at which time vowel duration before voiceless 
fricatives was 502 of that before voiced fricatives. At the mean age 
of 34 months, the vowel duration before voiceless fricatives was 67% of 
that before voiced fricatives. The same pattern was also seen in Types 
l and 3. 

The actual response consonants which were substituted for the 
stimjlus voiceless fricative / s/ are listed in Table 6. There was one 
instance of the voiced fricative /d / and one instance of an open syllable. 

The response consonants which were substituted for the stimulus 
voiced fricative fz! are shown in Table 6. Throughout all age groups, 
the most common substitutions were the voiceless fricative /s/ with 20 
occurrences, and the voiceless affricate /ts/ with 3 occurrences. 

Scoring procedure types 4 and 5 are listed in Table 7 and displayed 
in Fig. 6. They are discussed in detail in Appendix D. Fig. 7 shows 
that the mean vowel durations before voiceless fricatives incorrectly 
substituted for Me voiced fricative ft/ were closer to those before the 
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Table 6 

First study, children's responses to picture stimuli. 
Incorrect response consonants and missing responses 
for /I/, /i /, /u/ before fricatives 



Sess . 
No. 


Mean /kls/ 

Age (mo.) Vl.fr* 


/biz/ 

/biz/ 

Vd.fr. 


/ 1 10/ 
Vl.fr. 


/piz/ /gus/ /,fuz/ 
Vd.fr. Vl.fr. Vd.fr. 


1 


22 


Inc. resp. cons. 0 




4/s/ 


4/t/ 


5/s/ 0 2 /s/ 

1/ts/ 1/ts/ 

1/bus/ 






No. inc. resp. 0 

% inc. resp. 


0% 


4 

33% 


4 

33% 


6 0 4 

41% 0% 


33% 






No. missing resp.O 
7 0 missing resps . 


0% 


0 

0% 


0 

0% 


2 0 0 
16% 0% 


0% 


3 


24 


Inc. resp. cons. 0 




4/s/ 


4/t/ 


4/s/ 0 1/ 

1/Os/ 


s/ 






No. inc. resp. 0 

% inc. resp. 


0% 


4^ 

33% 


4 

33% 


5 0 1 

41% 0% 


8% 






No. missing resp,0 
% missing resps. 


0% 


0 

0% 


0 

0% 


0 0 0 
0% 0% 


0% 


1-3 


27 


Inc. resp. cons. 1/ / 
1/0/ 


7/s/ 

2/ts/ 


4/t/ 

2/0/ 

1/ts/ 


3/s/ 5/ts/ 8/0/ 

3/ts/ 2/0/ 4/s/ 

2/dz/ 1/*/ 1/h/ 

2/0/ 

1/t/ 






No. inc. resp. 
% inc. resp. 


57. 


9 

2 5% 


7 

19% 


11 8 13 

30% 22% 


36% 






No. missing resp. 6 
% missing resps . 


16% 


10 

2 7% 


5 

13% 


4 6 6 

11% 16% 


16% 


4-6 


30 


Inc, resp. cons. 0 




5/s / 

1/dz/ 

1/ts/ 


2/t/ 


3/0/ 1/ts/ 2/0/ 

1/s/ 






No. inc. resp. 0 

% inc. resp. 


0% 


7 

19% 


2 

5% 


4 12 

11% 2% 


5% 






No. missing resp.3 
7« miss ing resps , 


8% 


2 

5% 


2 

5% 


2 2 4 

5% 5% 


11% 


7-10 


34 


Inc. resp. cons. 0 




0 


0 


l/s / 0 2/0/ 

1/0/ 2/dz/ 






No. inc. resp. 0 

7. inc. resp. 


0% 


5 

0% 


0 

07. 


2 0 4 

4% 0% 


8% 



No. missing resp.9 8 9 9 9 10 

% missing resps. 18% 16% 187/ 18% 18% 20% 
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Table 7 

First study, children 1 s responses to picture stimuli. Mean vowel 
duration (msec) and duration ratio for 111 before fricatives in /kls/, 
/hlz/, or /biz/, as a function of children's age 



31 



Sess Child Age 



Type 1 
All resp. 
cons/s t im 
Vd. Rat. 



Type 2 
Response 
cons/resp 
Vl. 



Type 3 Type 4 Type 5 
All correct Inc R Inc K 

resp cons cons/S cons/k 

VI. Vd. Rat. VI. Vd. Vl. Vd. 



1 


7 


24 


194 


371 .52 


194 


371 .52 


194 


371 


.52 








1 


8 


21 


246 


542 .45 


394 





246 


— 


— 


— 542 


542 


— 


1 


9 


21 


212 


380 .56 


212 


380 .56 


212 


380 


.56 








1 


Mean22 


218 


431 .50 


266 


376 .70 


218 


*376 


.57 


— 542 


542 


— 


3 


7 


26 


148 


302 .49 


148 


302 .49 


148 


302 


.49 








3 


8 


23 


292 


460 .63 


376 





292 


— 


— 


— 460 


460 


— 


3 


9 


23 


216 


381 .56 


216 


299 .72 


216 


381 


.56 








T~ 


Mean 


i 24 


218 


381 .57 


246 


300 .82“ 


218 


342 


.63 


460 


"460 




1-3 


1 


27*6 


309 


498 .62 


309 


498 .62 


309 


498 


.62 








1-3 


2 


28.5 


300 


350 .85 


300 


376 .79 


300 


376 


.79 


— 300 


300 


— 


1-3 


3 


23 


552 


408 135 


105 


504 .20 


105 408 


.25 


1000 


— 


1215 


1-3 


4 


25.6 


214 


326 .65 


2 50 





214 


— 


— 


— 326 


315 


— 


1-3 


5 


27.6 


2 30 


304 .75 


2 32 


335 .69 


230 


335 


.68 


2 72 


272 


— 


1-3 


6 


28 


243 


314 .77 


243 


314 .77 


243 


314 


.77 








T-TTTean 


[J7~ 


308 


367 .83 


240 


405 .59 


234 


386 


^j60 


1000 299 


7 % 




4-6 


L 


31.5 


231 


408 .56 


231 


408 .56 


231 


408 


.56 








4-6 


2 


31 


180 


262 .68 


180 


262 .68 


180 


262 


.68 








4-6 


3 


29 


180 


434 .41 


180 


434 .41 


180 434 


.41 








4-6 


4 


29 


268 


208 128 


250 


205 1.21 


268 


205 


130 


— 222 


222 


— 


4-6 


5 


31.5 


2 50 


376 .56 


2 50 


398 .62 


2 50 


398 


.62 


— 330 


— 


— 


4-6 


6 


31 


238 432 .55 


229 


366 .62 


229 


366 


.62 








5^6 Mean 


mo 


224 353 .6T~ 


^20 346 .63 


221 


346 .64 


"’"276 


'll! 




7-LO 1 


34.5 


245 


508 .48 


245 


508 .48 


245 


508 


.48 








7-10 2 


34.5 


196 


240 .81 


196 


240 .81 


196 


240 


.81 








7-10 3 


32.5 


171 


346 .49 


171 


346 .49 


171 


346 


.49 








7-10 4 


31.5 


328 


388 .84 


32 8 


388 .84 


328 


388 


.84 








7-10 5 


34.5 


368 


480 .76 


368 


480 .76 


368 


480 


.76 








7-10 6 


34.5 


201 


384 .52 


201 


384 .52 


201 


384 


.52 








7-flniii. 


■tt.tt rr 


35TT67 - 


75 T 


191 .64 


T5T 


19T 


♦64 









Parent No. 



1-3 7 


202 524 .39 


1-J 8 


225 488 .46 


1-3 9 


216 419 .52 


1-3 l 


168 306 .54 


1-3 2 


162 352 .64 


1-3 3 


143 270 .54 


1-3 4 


172 372 .46 


1-3 5 


139 282 .49 


1-3 6 


136 346 .40 


1-3 Mean 


174 3/3 .46 
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Fig- 6 First study, children's responses co picture stimuli. Mean vowel duration and 

duration ratio for / 1/ before fricatives in /kIS/, /hlz biz/, as a function of 
children's age. 



Type 3 Type 3 Type 5 Type 3 Type 3 Type 5 Type 3 Type 3 Type 5 

Correct Correct Incorrect Correct Correct Incorrect Correct Correct Incorrect 

voiceless voiced voiceless voiceless voiced voiceless voiceless voiced voiceless 
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correctly used voiced fricatives than to those before the correctly 
used voiceless fricatives. Thus, vowel duration for /I / before incor- 
rectly substituted final response consonants was usually closer to the 
expected vowel duration before the stimulus consonant than to the 
incorrectly substituted response consonant. 

F inal fricatives after / i / . Table 6 shows that the children at 22 
months produced the final voiceless fricative {here /90 with 33% error 
and they had a decreasing error rate until 34 months where there were no 
errors. This table also shows that at 22 months they produced the final 
voiced fricative (/z / ) with a 41% error rate, and had a decreasing error 
rate until 34 months where there, was only 47*. error. 

Scoring procedure type 1 on Table 8 and Fig, 8 shows, however, that 
despite the incorrect production of some of the final fricatives, correct 
differential vowel duration was produced continuously from the mean age 
of 22 months, when vowel duration before voiceless fricatives was 52% of 
that before voiced fricatives. At 34 months the vowel duration before 
voiceless fricatives was 62% of that before voiced fricatives. 

The same pattern was seen at 22, 27, 30 and 34 months in Type 2, 

At 24 months, in Type 2, however, mean vowel duration before all voice- 
less fricatives (correct and incorrect) was 360, and before all voiced 
fricatives (correct and incorrect) was 351. This was due to the unusually 
long durations for before voiceless fricatives (645) produced by child 8 
in session 3, where she substituted voiceless fricatives for the 
stimulus voiced fricative. 
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Table 8 

First study, children 1 s responses to picture stimuli. Mean vowel 
duration (msec) and duration ratio for /i/ before fricatives in /tiO/, 
/piz/, as a function of childrens age 

Type 1 Type 2 Type 3 Type 4 Type 5 

All resp. Response All correct Inc R Inc R 
Sess Child Age cons/stim cons/resp resp cons cons/S cons/k 



No. 


No, 


, (mo) VI. 


Vd. 


Rat . 


VI. 


Vd. 


Rat . 


VI. 


Vd. 


Rat . 


VI. 


Vd. 


VI. 


Vd. 


1 


/ 


24 


174 


360 


.48 


203 


380 


.53 


174 


380 


.46 










1 


8 


21 


236 


496 


.48 


550 












236 


496 


550 


— 


1 


9 


21 


266 


435 


.61 


298 


510 


.58 


266 


510 


.52 


— 


360 


360 


— 


1 


Mean 22 


225 


430 


.52 


350 


445 


.78 


220 


445 


.49 


2 36 


392 


410 


— 


3 


7 


26 


188 


32 5 


.58 


229 


303 


.75 


188 


303 


.62 




390 


390 




3 


8 


23 


391 


645 


.61 


645 












391 


645 


645 


— 


3 


9 


23 


2 06 


398 


.52 


206 


398 


.52 


206 


398 


.52 










■5 


Mean 24 


262 


456 


.57 


360 


351 L02 


198 


351 


.56 


391 


"518" 


"518 


--- 


1-3 


i 


27.6 


419 


362 


L 15 


298 


386 


.77 


298 


386 


.77 




662 






1-3 


2 


28.5 


192 


494 


.38 


192 


605 


.31 


192 


605 


.31 


— 


382 


— 


— 


1-3 


3 


25 


320 


916 


.34 


320 


1075 


.29 


320 


J075 


.29 


— 


820 


— 


— 


1-3 


4 


25.6 


238 


260 


.91 


2 84 


190 1.49 


260 


190 L 36 


255 


2 56 


298 


— 


1-3 


5 


27.6 


283 


346 


.81 


2 83 


356 


.79 


2 83 


356 


.79 


— 


445 


— 


— 


1-3 


6 


28 


395 


474 


.83 


396 


474 


.83 


238 


432 


.55 





— 


— 




T-3 Mean 2 7 


308 


475 


.64 


2 96 


514 




265 


507 




2 55 442 


29.8. 


— 


4-6 


1 


31.5 


300 


415 


.72 


300 


415 


.72 


300 


415 


.72 










4-6 


2 


31 


180 


392 


.45 


195 


422 


.46 


180 


422 


.4? 


— 


305 


305 


— 


4-6 


3 


29 


322 


812 


.39 


322 


435 


.74 


322 


435 


.74 


— 


12 52 


— 


— 


4-6 


4 


29 


238 


260 


.91 


212 


466 


.45 


212 


466 


.45 


245 








4-6 


5 


31.5 


303 


403 


.75 


303 


403 


.75 


303 


403 


.75 










4-6 


6 


31 


396 


474 


.83 


264 


582 


.45 


264 


582 


.45 










*5^6" Mean 30.2 


2 90 


459 


.63 


266 


454 


.58 


264 


454 


.58 


245 


778 


305 


— 


7-10 


1 


34.5 


344 


495 


.69 


344 


495 


.69 


344 


495 


.69 










7 10 


2 


34.5 


192 


494 


.38 


186 


2 96 


.62 


186 


2 96 


.62 










7-10 


3 


32.5 


260 


590 


.44 


306 


546 


.56 


260 


546 


.47 


— 


6 50 


810 


— 


7-10 


4 


31.5 


330 


516 


.63 


330 


516 


.63 


330 


516 


.63 










7-10 


5 


34.5 


438 


606 


.72 


438 


605 


.72 


438 


606 


.72 










7-10 


6 


34.5 


2 94 


281 1.04 


2 94 


2811.04 


2*94 


281 1.04 










Mn. 


‘TT.T 


310 497 


.62 


316 


456 


.69 


308 


456 


.67 


— 


650 


810 







Parent No. 


























1-3 


7 
















268 


620 


.43 










1-3 


8 
















267 


490 


.54 










1-3 


9 
















270 


443 


.60 










1-3 


1 
















2 12 


345 


.62 










1-3 


2 
















236 


420 


.56 










1-3 


3 
















194 


388 


.50 










1-3 


4 
















225 


535 


.42 










1-3 


5 
















198 


349 


.57 










1-3 


6 
















182 


390 


.47 











TTJTMean 5T8T42~".52 



Type 1 Type 2 Type 3 Type 

All response Response All correct Incorrect 

consonants/stimulus consonants/response response consonants consonants 
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Fig. 8 First study, children's responses to picture stimuli. Mean vowel duration and 

duration ratio for / i/ before fricatives in /tiO/, /piz/, as a function of 
children's age. 
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The same pattern which was seen in scoring procedure type 1 was 
seen in Type 3. 

The actual response consonants which were substituted for the 
stimulus voiceless fricative /§/ are shown in Table 6. Throughout 
all age groups the most common non-voiceless fricative substitution 
for /0/ was / t/ with 14 occurrences. The most common voiceless fric- 
ativi substitution, fs / , was used frequently. However, this was not 
considered to be an incorrect class substitution. 

The response consonants which were substituted for the stimulus 
voiced fricative / z/ are shown in Table 6. Throughout all age groups, 
the most common substitutions for /z/ were / s / with 14 occurrences, 

101 (open syllable) with 6 occurrences and /ts/ with 4 occurrences. 

Scoring procedure types 4 and 5 are listed in Table 8 and displayed 
in Fig. 8. They are discussed in detail in Appendix D. Fig. 7 shows 
that mean vowel duration before voiceless fricatives incorrectly sub- 
stituted for the voiced fricative /z/ was closer to the duration before 
correctly used voiced fricatives than to that before the correctly 
used voiceless fricatives. Thus, vowel duration for / i / before incor- 
rectly substituted final response consonants was usually closer to the 
expected vowel duration before the stimulus consonant than before the 
incorrectly substituted response consonant. 

Final fricatives after /u/. Table 6 shows that the children at 
22 months produced final voiceless fricative, (/s/) with no errors at 22 
and 24 months. At 27 months, however, there was a 22% error rate which 
decreased until there were no errors at 34 months. This table also shows 
O that they produced final voiced fricative (/ z / ) at 22 months with a 



aaMj an wiauu 33% error rate, which decreased to an 8% error rate at 34 months. 
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Scoring procedure type 1 on Table 9 and Fig. 9 shows , however, 
that despite the incorrect production of some of the final fricatives, 
correct differential vowel duration was produced continuously from the 
mean age of 22 months, when vowel duration before voiceless fricatives 
was 82% of that before voiced fricatives. At the mean age of 34 months, 
the vowel duration before voiceless fricatives was 64% of that before 
voiced fricatives. This same pattern was seen in Analyses 2 and 3. 

The actual response consonants which were substituted for the 
stimulus voiceless fricative /s/ are shown in Table 6* Throughout all 
age groups, the most common substitution for / s / was the voiceless 
affricate / ts/ with 6 occurrences. 

The response consonants which were substituted for the stimulus 
voiced fricative /z/ are shown in Table 6. Throughout all age groups, 
the most common substitutions for / z/ were /$/ (open syllable) with 12 
occurrences, and voiceless fricative /&/ with 7 occurrences. 

Scoring procedure type3 4 and 5 are listed in Table 9 and dis- 
played in Fig. 9. They are discussed in detail in Appendix D. Figure 7 
shows that the mean vowel duration before voiceless fricatives incor- 
rectly substituted for the voiced fricative /z / was closer to that 
before the correctly used voiced fricatives than to that before the 
correctly used voiceless fricatives. Thbs , vowel duration for /u/ 
before incorrectly substituted final response consonants was usually 
closer to the expected vowel duration before the stimulus consonant 
to that before the incorrectly substituted response consonants. 
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Table 9 

39 

First study, children s responses to picture stimuli. Mean vowel 
duration (msec) and duration ratio for /u / before fricatives in /gus/, 

/J uz/ y as a function of children's age 

Type 1 Type 2 Type 3 Type 4 Type 5 

All resp. Response All correct Inc R Inc R 
Scss Child Age cons/stim cons/resp resp cons cons/S cons/K 



No. 


No. 


(mo) 


VI. 


Vd. 


Rat. 


VI. 


Vd. 


Rat. 


VI. 


Vd. 


Rat. 


VI. 


Vd. 


VI. 


Vil. 


1 


7 


24 




205 


311 


.66 


205 


311 


.66 


205 


311 


.66 










l 


8 


2 1 




412 


378 


LQ9 


412 


385 


1.07 


412 


385 


1.07 


— 


370 


— 


— 


1 


9 


21 




312 


438 


.71 


346 


460 


.75 


312 


460 


.68 


— 


415 


4J5 


— 


1 


Mean 


22 




310 


375 


.82 


32 1 


385 


.83 


310 


385 


.80 


— 


392 


415 


— 


3 


7 


26 




238 


386 


.62 


238 


386 


.62 


2 38 


386 


.62 










3 


8 


23 




371 


556 


.67 


393 


573 


.69 


371 


573 


.65 


— 


505 


505 


— 


3 


9 


23 




2 98 


345 


.87 


298 


345 


.87 


298 


345 


.87 










3 


Mean 


24 




302 




.70 


312 


434 


.71 


302 


434 


.69 


— - 


*505" 


ToT 




1-3 


1 


27, 


.6 


310 


32 5 


.95 


301 






286 






__ 


32 5 


430 




1-3 


2 


28, 


.5 


315 


548 


.57 


315 


548 


.57 


315 


548 


.57 










1-3 


3 


25 




486 


816 


.59 


265 


590 


.44 


265 


590 


.44 


454 


1042 







1-3 


4 


25. 


.6 


280 


352 


.79 


370 


330 


1.12 


422 


330 


1.27 


210 


402 


415 


— 


1-3 


5 


27. 


.6 


313 


443 


.70 


313 


443 


.70 


313 


443 


.70 










1-3 


6 


28 




42 8 


522 


.81 


42 8 


52 2 


.81 


42 8 


522 


.81 










1-3 Mean 


"if 




355 


501 


.70 


332 


486 


.68 


338 


486 


.69 


_34.8 


590 


422_ 


— 


4-6 


1 


31, 


. 5 


2 90 


374 


.77 


2 90 


408 


.71 


2 90 


408 


.71 




255 






4-6 


2 


31 




224 


332 


.67 


224 


332 


.67 


224 


332 


.67 










4-6 


3 


29 




2 84 


606 


♦ 46 


2 84 


566 


.50 


2 84 


566 


.50 


— 


780 






4-6 


4 


29 




320 


506 


.63 


330 


506 


.65 


330 


506 


.65 


455 








4-6 


5 


31. 


,5 


322 


459 


.70 


322 


459 


.70 


322 


459 


.70 










4-6 


0 


31 




238 


432 


.55 


102 


548 .55 










ran 


Mean 


3(C 


;r 


280 


452 


•61 


2 92 


470 


,65 


292 


470 


.62 _ 


]E£ 


JUiL 


___ 


_ _ 


7-10 


1 


34. 


,5 


352 


460 


.76 


352 


475 


.74 


352 


475 


.74 




570 






7-10 


2 


34. 


.5 


264 


326 


.80 


264 


326 


.80 


264 


326 


.80 










7-10 


3 


32. 


5 


225 


524 


.42 


225 


52 3 


.43 


225 


52 3 


.43 


— 


52 5 


— 


— 


7-10 


4 


31. 


5 


322 


588 


.54 


322 


588 


.54 


322 


58S 


.54 










7-10 


5 


34. 


5 


488 


606 


.80 


488 


612 


.79 


488 


612 


.79 


— 


565 


— 


— 


7-10 


6 


34. 


5 


238 


432 


.55 


238 


432 


.55 


2 38 


432 


.55 










7-10 


Mil , 


33. 


4 


314 


489 


.64 


315 


492 


.64 


314 


492 


.63 


— 


553 


— 


— 




Parent 


No. 


























1-3 


7 


















312 


589 


.53 










1-3 


K 


















302 


474 


.64 










1-3 


9 


















283 


384 


.74 










1-3 


1 


















230 


355 


.65 










1-3 


2 


















236 


390 


.61 










1-3 


3 


















213 


360 


.60 










1-3 


4 


















265 


455 


.58 










L-3 


3 


















216 


326 


.66 










1-3 


6 


















198 


408 


.49 










1-3 Mean 


















2 50 


416 


.60 
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Vowel duration in relation to manner of articulation of final 
c onsonants 

Final stops and fricatives after III , Children were able to 
produce stops and. fricatives correctly from the mean age of 22 month 
on. There was rarely any confusion regarding manner of production, 
as there had been in voicing. 

Scoring procedure type 1 on Table 10 and Fig, 10 shows that chil- 
dren at 22 months produced mean vowel duration before stops at 198, and 
longer vowel duration before fricatives at 324* This is a 126 msec dif- 
ference, which compares favorably with the 97 msec difference between 
the parents 1 mean vowel duration of 176 before stops, and 273 before 

g 

fricatives. The comparison holds also for Type 2, and is even closer 
for Type 3 (correct responses only), where the difference between mean 
vowel duration before stops and fricatives is 93 msec. This pattern is 
also the case for ages 24, 27, 30 and 34 months on all types of scoring 
procedures. 

Final s tops and fricatives after / i/ . Scoring procedure type l 
on Table 11 and Fig. 11 shows that children at 22 months produced mean 
vowel duration before stops at 263, and longer vowel duration before 
fricatives at 328. Tills is a 63 msec difference which compares well 
with the 90 msec difference the parents' means show with the 
duration of 244 before stops and 334 before fricatives. This 
comparison holds even closer for Type 3 where the difference between 
mean vowel duration before stops and fricatives is 87 msec. The same 
pattern was produced for Types 1, 2 and 3 from 27 to 34 month 3 . This 
pattern did not hold for the children at 24 months of age, however, 
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Table 10 

First study, childrens responses to picture stimuli, 
duration (msec) for III before stops and fricatives, as i 

children' s age 



ERIC 



Type 1 Type 2 

All reap. Response 

Sess Child Age cons/stim cons/resp 

No. No. (mo) St. Fr. St. Fr. 



Type 3 
All correct 
resp cons 
St. 



1 


7 


24 


209 


2 82 


209 2 82 


209 282 


1 


8 


21 


220 


394 


220 394 


160 246 


1 


9 


21 


165 


2 96 


198 2 96 


178 296 


1 


Mean 22 


198 


324 


209 324 


182 2 75 


3 


7 


26 


208 


225 


208 225 


208 225 


3 


8 


23 


2 72 


376 


2 72 376 


205 292 


3 


9 


23 


156 


298 


15 8 258 


156 2 98 


T 


Mean 24 


21 1 


“JOT 


204 286 


193 2 72 


1-3 


1 


2 7.6 


2 52 


357 


235 357 


208 357 


1-3 


2 


28.5 


2 30 


338 


230 338 


230 364 


1-3 


3 


25 


2 76 


480 


2 76 486 


2 76 389 


1-3 


4 


25.6 


166 


2 70 


166 250 


110 214 


1-3 


5 


27.6 


197 


258 


195 258 


204 255 


1-3 


6 


28 


2 10 


278 


210 2 78 


210 2 78 


1-3 Mean 2 7 


222 


330 


218 32 8 


206 310 


4-6 


1 


31.5 


162 


319 


161 319 


161 319 


4-6 


2 


31 


188 


221 


188 221 


189 221 


4-6 


3 


29 


150 


307 


150 307 


150 307 


4-6 


4 


29 


205 


238 


214 226 


187 238 


4-6 


5 


31.5 


240 


313 


240 316 


240 316 


4-6 


6 


31 


182 


335 


199 298 


199 298 


4-6 Mean 


T672~ 


188 


2 88 


192 281 


188 283 


7-10 


1 


34.5 


216 


376 


216 376 


210 376 


7-10 


2 


34.5 


155 


218 


155 218 


155 2 18 


7-10 


3 


32 .5 


178 


258 


185 258 


185 258 


7-10 


4 


31.5 


265 


358 


265 358 


265 358 


7-10 


5 


34.5 


299 


424 


299 424 


2 82 424 


7-10 


6 


34.5 


134 


2 92 


134 292 


134 292 


7-10 Mn . 


33.9 


208 321 


209 321 


205 321 ' 




Parent No. 








1-3 


7 










200 363 


1-3 


8 










255 356 


1-3 


9 










212 318 


1-3 


1 










160 2 37 


1-3 


2 










152 257 


1-3 


3 










142 206 


1-3 


4 










162 2 72 


1-3 


5 










142 210 


1-3 


6 










165 241 


1-3 Mean 










176 2 73 
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Fig. 10 First study, children 1 s responses to picture stimuli. 

Mean vowel duration for /I/ before stops and fricatives 
** as a function of childrens age. 



Table 11 

First study, children’s responses to picture stimuli* Mean vowel 
duration (msec) for /i/ before stops and fricatives, as a function of 

children’s age 




Type 1 
All resp. 
Sess Child Age cons/st im 



Type 2 
Response 
cons/resp 



Type 3 
All correct 
resp cons 



No, 


No, 


(mo) 


St. 


Fr. 


St. 


Fr. 


St. 


Fr . 


1 


7 


24 


291 


266 


291 


292 


291 


276 


1 


8 


21 


2 76 


366 


262 


550 


215 


— 


1 


9 


21 


222 


350 


263 


403 


228 


388 


1 Mean 


n 


'263 


”328 


2 72 


415 


245 


332 


3 


7 


26 


258 


256 


2 58 


266 


2 58 


246 


3 


8 


23 


548 


518 


495 


6/5 


508 


— 


3 


9 


23 


348 


302 


348 


302 


348 


302 


3 1 


Mean 


24 


385 


359 


368 


404 


372 


2 74 


1-3 


1 


27,6 


288 


390 


2 96 


36 7 


2 96 


36 7 


1-3 


2 


28.5 


374 


343 


462 


294 


532 


2 94 


1-3 


3 


25 


2 70 


618 


270 


698 


270 


698 


1-3 


4 


25.6 


280 


348 


2 72 


2 52 


2 76 


225 


1-3 


5 


27.6 


344 


315 


326 


319 


293 


319 


1-3 


6 


28 


274 435 


2 72 


435 


182 


335 


TXT Mean 2 7 


305 


408 


316 


394 


308 


373 


6-6 


1 


31.5 


215 


358 


233 


358 


228 


358 


4-6 


2 


31 


220 


286 


220 


308 


220 


301 


4-6 


3 


29 


419 


56 7 


368 


362 


368 


362 


4-6 


4 


29 


280 


348 


304 


381 


290 


381 


4-6 


5 


31.5 


225 


353 


225 


353 


225 


353 


4-6 


6 


31 


2 74 


435 


303 


42 3 


303 


42 3 


7^6* Mean 


”3(572 


"272” 


"591 


2 76 


364 


2 72 


36 3 


7-10 


1 


34.5 


318 


419 


296 


419 


296 


419 


7-10 


2 


34.5 


374 


343 


214 


241 


214 


241 


7-10 


3 


32 .5 


316 


42 5 


330 


426 


326 


404 


7-10 


4 


31.5 


330 


42 3 


330 


42 3 


330 


42 3 


7-10 


5 


34.5 


385 


522 


385 


522 


385 


52.1 


7-10 


6 


34.5 


358 


288 


358 


288 


358 


288 


7-10 


Mil. 


Tf.T 


346” 


403 


318 


386 


318 


382 




Parent No, 












1-3 


7 












292 


444 


1-3 


8 












339 


379 


1-3 


9 












2 58 


356 


1-3 


l 












189 


278 


1-3 


2 












2 34 


328 


1-3 


3 












196 


290 


1-3 


4 












264 


380 


1-3 


5 












193 


273 


1-3 


6 












239 


286 


2~5_Mean 












244 


334 
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where the reverse was true. Each of the 3 children at the mean age of 
24 month3 reversed the relative durations in scoring procedure types 
1 and 3. The reversal did not show up in scoring procedure type 2, 
however, where the pattern was correct for 2 of the 3 children. 

Final s tops and fricat i ves a fter /u/ . Scoring procedure type 1 
on Table 12 and Fig. 12 shows that children at 22 months produced 
mean vowel duration before stops at 260, and before fricatives at 
342. This is a 82 msec difference which compares well with the 81 
msec difference the parents' means show, with a 231 duration 
before stops, and 332 before fricatives. The comparison 
also holds up for scoring procedure type 2 and is also very close 
for Type 3 (correct responses only) where the difference between 
mean vowel duration before stops and fricatives is 100 msec. This 
pattern is also true for ages 24, 27, 30 and 34 months on all scoring 
procedure types. 

Intrinsic vowel duration 

Scoring procedure type 1 on Table 13 and Fig. 13 shows that 
children at 22 months produced correct differential intrinsic voweL 
duration, with mean vowel durations of 261 for the lax vowel 
Illy 296 for the tense vowel / i / , and 302 for the tense vowel /u /. 

These durations compare exceptionally well with those of the parents' 
means of 223 for / l/ , 290 for /i/, and 292 for /u/. It is important to 
note that in the children's production in scoring procedure type 1, the 
lax vowel is 38 msec shorter than the tense vowels (it is 66 msec shorter 
in the parents' production) and the tense vowels are approximately equal in 
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Table 12 

First study , children's responses to picture stimuli, 
•duration (msec) for /u/ before stops and fricatives, as a 

children's age 











Type 1 




Type 2 


Tyne 3 








All resp. 


Response 


All 


correct 


Sess 


Child Age 


cons/stim 


cons/ resp 


resp cons 


No. 


No. 


(mo) 


St. 


Fr. 


St. 


Fr. 


St. 


Fr. 


1 


7 


24 


2 58 


2 58 


266 


258 


248 


258 


1 


8 


21 


2 92 


395 


330 


398 


2 72 


398 


1 


9 


21 


231 


375 


245 


403 


221 


386 


1 


Mean 






Wl 


T80 


353 


247 


1 

1 

1 


3 


7 


26 


233 


312 


233 


312 


233 


312 


3 


8 


23 


383 


463 


383 


486 


311 


472 


3 


9 


2 3 


312 


321 


312 


322 


312 


321 


3 


Mean 


24‘ 


Jio 


366 


3i0 


373 


285 


368 


1-3 


1 


27.6 


379 


31P 


344 


301 


335 


286 


1-3 


2 


28.5 


324 


431 


316 


431 


316 


431 


1-3 


3 


25 


496 


651 


496 


428 


496 


428 


t-3 


4 


2 5.6 


389 


316 


451 


342 


339 


376 


1-3 


3 


27-6 


354 


378 


365 


378 


356 


378 


1-3 




28 


362 


475 


362 


475 


362 


475 


r-ri 


Mean 


T T~ 


384 


428 


389 


392 


367 


396 


4-6 


1 


31.3 


296 


332 


2 96 


348 


296 


348 


4-6 


2 


31 


2 58 


2 78 


258 


278 


2 58 


278 


4-6 


3 


29 


326 


372 


326 


359 


326 


359 


4-6 


4 


29 


392 


412 


392 


418 


392 


418 


4-6 


3 


31*5 


315 


390 


315 


390 


315 


390 


4-6 


6 


31 


182 


335 


386 


42 5 


373 


425 


4-6 Mean 


36.2 


29?" 


353 


328 


370 


326 


370 


7-10 


1 


34*5 


358 


406 


358 


413 


310 


413 


7-10 


2 


34.5 


206 


295 


206 


295 


206 


295 


7-10 


3 


32 .5 


296 


374 


2 96 


336 


296 


336 


7-10 


4 


31.5 


443 


455 


443 


455 


443 


455 


7-10 


5 


34.5 


372 


548 


374 


550 


373 


550 


7-10 


6 


34.5 


182 


335 


182 


335 


182 


335 


7-10 


Mn. 


33.9 310 


40 2 


310 


ITT 


" 357 " 


357 



305 450 
324 388 
241 334 
220 292 
240 312 
212 287 
258 360 
202 271 
258 302 
13l 332" 



Parent No. 



1-3 


7 


1-3 


8 


1-3 


9 


1-J 


1 


l-J 


2 


1-3 


3 


1-3 


4 


1-3 


5 


1-3 


6 


1-3 Mean 
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function of 
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Type 1 Type 2 T/pe 

All response Response All c 

consonants/ stimulus consonants/response response c 
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Table 13 

First study, childrens responses to picture stimuli. Mean 
intrinsic vowel duration (msec) for /I/, /i/, /u/, as a function of 

children’s age 
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duration as is the case in the adult model. The same pattern is true 
for the other age groups in Type 1, although intrinsic vowel duration 
for the tense vowels / i/ and /u/ tends to become increased overall as a 
function of increasing age. The same pattern that was established in 
Scoring procedure type 1 is generally held in Types 2 and 3. 

statistical analysis of results 

A statistical analysis was done on the vowel durations produced by 
the 3 children from Group 2 at the mean age of 22 months, recording 
session 1, and the mean age of 24 months, recording session 3. Only 
the responses for the 3 children in Group 2 were used in the statistical 
analysis, not Group 1, because the former had a minimum of 3 observa- 
tions per child per word per session, and the latter had only 1 or 2 
or sometimes none. Only responses from Scoring procedure type 1 (All 
response consonants/stimulus) were used* In session 1 approximately 
29% of these final response consonants were incorrect; in session 3, 
approximately 17% were incorrect* 

A completely repeated measures analysis of variance test was 
performed on these vowel duration means with the design, session (2) 
by vowel (3) by manner (2) by voicing (2). 
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Vowel duration was significantly increased before the final con- 
sonant when the stimulus consonant was voiced rather than voiceless 
(F (1,2) « 402*15, £ K .01). The mean vowel duration before stimulus 
voiceless consonants at 22 months was 213, at 24 months, 244, and that 
before stimulus voiced consonants at 22 months was 365, at 24 months, 

399. This produced the correct voiceless/voiced ratios of 59% at 22 
months, and 61% at 24 months. 

The 3 separate vowels showed significant differences in intrinsic 
duration (F(2,4) - 8.22, £ < .05). At 22 months, the lax vowel III with 
the mean intrinsic duration of 261, was significantly shorter than the 
tense vowels /i / and /u/ with the mean intrinsic durations of 296 and 
302 respectively. At 24 months, the lax vowel III was produced with 
the mean intrinsic vowel duration of 256. This was significantly shorter 
than the mean intrinsic durations for the tense vowels / i / and /u/ which 
were 372 and 338 respectively. 

There was a significant interaction between vowel quality and 
manner of the final stimulus consonant (F(2,4) * 34.19, £ < .01). 

This showed up as a significant interaction because manner values 
observed with /i/ failed to show the expected difference of longer dur- 
ation before fricatives than stops at 24 months as discussed earlier. 
Longer vowe] duration was observed, however, before fricatives than 
stops for the vowels III and /u/ at both ageo. 
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SUMMARY 




The answer to the main question asked in this study - At what age 
does production of correct differential vowel duration emerge? - is at, 
or before, 21 months, as evidenced by vowel durations produced before 
correct as well as incorrect final response consonants of the youngest 
subjects recorded, child 8 and child 9. It is, of course, beyond the 
scope of this study to speculate on production of differential vowel 
duration preceding 21 months of age* The mean vowel duration ratio for 
/ 1 / before voiceless vs* voiced stops at 22 months was *49 and for fric- 
atives was .50. The parents' ratios for the above were *60 and *46 
respectively. The same pattern was also seen for the vowels / i/ and /u/. 

The longitudinal study involved a careful examination of the 
acoustic evidence for 1) the development of control of manner and voic- 
ing of the final consonant and 2) the development of differential vowel 
duration in relation to 1). Regarding the first point, the children 
produced final voiceless stops with the lowest error rates (with the 
vowel /!/, 0%; with / i / , 11% - 2%; with /u/, 0%). Their control of 
final voiceless fricatives was somewhat slower in development than for 
final voiceless stops (with the vowel /!/, 5% - 0%; with / i/, 33% - 0%; 
and with /u/, 22% - 0%). The greatest errors, however, were in control 
of voicing for the voiced stops and the voiced fricatives, where the most 
common substitutions which occurred were the voiceless counterparts of 
the voiced stimuli. Children produced final voiced stops with the follow- 
ing error rates: with /!/, 50% - 2%; with /i/, 50% - 2%; and with /u/, 

50% - 2%. Final voiced fricatives occurred with the following error 
rates: with /!/ 33% - 0%, with /i/ 41% - 4%, and with /u/ 33% - 8%. 
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In every case, errors in control of voicing decreased from age 22 to 34 
months. There were very few problems in control of manner of articula- 
tion, and stops were never confused with fricatives, as had been the 
case for voicing. 

Control of voicing and manner of the final consonant did not emerge 
earlier with either the lax vowel /I/ or the tense vowels / i/ or /u/, as 
seen in the table below; 



Error rates for final response consonants . 









Children' 


s age 


(mo.) 










22 


24 


27 


30 


34 


Overall 


Vowel 


/n 


20% 


16% 


15% 


8% 


.5% 


11.9% 


Vowel 


/!/ 


33% 


26% 


21% 


10% 


2% 


18% 


Vowel 


/u/ 


20% 


10% 


22% 


2% 


3% 


11.4% 



The increased overall error rate for the vowel / i/ was probably due to 
the morphological irregularity of the word /fit/ with which that 
vowel occurred. 

Kegardiug the second point, (the development of differential vowel 
duration in relation to development of control of manner and voicing 
of the final consonant), from the age of 21 months on, the children 
produced correct differential vowel duration for /I/, / 1/ , and /u/ # 
appropriate for voicing and manner of the final stimulus consonant, 
not necessarily the final response consonant, even when it was incorrect. 
This was shown through scoring procedure type *4 which studied only vowel 
durations in responses which used incorrectly substituted response con- 

o 

ants and compared these vowel durations to those before response 
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consonants used correctly for the same stimulus words. There was usually 
less than a 50 msec difference. The same pattern was shown in scoring 
procedure type 5 where vowel duration before voiceless consonants sub- 
stituted for voiced consonants was closer to that for correctly used 
voiced consonants (usually less than 50 msec difference) , than correctly 
used voiceless consonants (usually more than 100 msec difference). 

Thus, repeatedly, with few exceptions, when the final response 
consonant was incorrect in voicing and/or manner, the correct differ- 
ential vowel duration produced was appropriate for the original stim- 
ulus consonant, not the response consonant. It is important to remem-' 
ber that each child had his own developing phonological system, however, 
and this was not analyzad in this study. Thus, 'che phonological role of 
differential vowel duration for any child at any age was not known. 

This study did show that production of correct differential vowel 
duration preceded correct production of voicing of final consonants. 
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FOOTNOTES (Chapter 2) 

T. Author of the story was Mrs. Lora N. Mermin. 

2. For example, if the stimulus picture was /bib/ and the child said 
/blp/ once, and /bib/ once, the vowel durations produced in /blp/ 
and in /bib/ were both used in computing the mean vowel duration 
for III before the stimulus voiced stop /b / • 

3» For example, if the stimulus picture was /bib/, and the child said 
/blp/, the vowel duration in /blp/ was used in computing the mean 
vowel duration for 111 before voiceless stops and was averaged in 
with other productions of 111 before voiceless stops as in the 
stimulus word /stlk/. 

4. For example, if the stimulus picture was /bib/, and the child said 
/blp/ once, and /bib/ once, the first response /blp/ was not used 
and only the second response /bib/ was counted for the mean vowel 
duration for /I/ before the stimulus voiced stop /b/. 

5. For example, if the stimulus picture was /bib/ and the child said 
/blp/ once, and /blra/ once, the vowel durations produced in both 
utterances were used to compute the mean vowel duration for 111 
before all response consonants incorrectly substituted for the 
voiced stop /b / . 

6. For example, if the stimulus picture was /bib/, and the child said 
/blp/ once, and /blm/ once, the vowel duration in /blp/ was used to 
compute mean vowel duration for 111 before voiceless stops substituted 
incorrectly for the voiced stop /b/ and the vowel duration in /him/ 



o 




was not used at all. 
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FOOTNOTES continued 

7* The only black subject in the study, child 8, made the most frequent 
use of voiceless substitutions for the voiced stimuli. This is not 
surprising, however, when one examines the production of final voiced 
stops by the mother. The parent consistently voiced and then 
devoiced all fina 1 voiced stops and heavily aspirated their release. 
This is a characteristic reported in phonological studies of adult 
speakers of black dialects (huelsdorff , 1970). It appears here 
that the child is very sensitive to the production of the final 
release of these stops and is imitating that, thus consistently 
producing voiceless stops. A similar devoicing pattern appeared in 
production of final fricatives for that parent, and the child seems 
to have responded in a similar way. 

8. This subjective evaluation and those which follow are based on 
the results of the studies mentioned in Footnote 3 in Chapter 1 
and on the norms for parents in the first and second studies. 
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Chapter 3 

SECOND STUDY: VOWEL DURATION IN CHILDREN’S RESPONSES 
ELICITED WITH TAPED STIMULI OF NORMAL DURATION 

INTRODUCTION 

This study investigated the development of production of 
correct differential vowel duration in utterances elicited with a 
stimulus .ap^ which had stimulus words with correct differential 
vowel duration. The same main question asked in the first study - 
When does correct differential vowel duration emerge? was asked 
in this longitudinal study and the same groups of children were 
used . 

The same fundamental observe t ions made in the first study 
concerning development of 1) voicing of final stops 2) voicing of final 
fricatives and 3) manner of articulation of final stops and fricatives 
were made i.^ this study* The following question was added, 
however; W^s there any difference in the production of vowel duration 
in the words uttered in this stucy and those same words which were 
uttered with the picture story ir the first study? 
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METHOD 



STIMULUS MATERIALS 

The close tense front vowel / 1/ was chosen for this study in 
8 CVC words where the final consonant was a voiceless stop, a 
voiced stop, a voiceless fricative or a voiced fricative. Four of 
the words were chosen from the stimulus words used in The Scary 
Goose Story ; /fit/, /sid/, /tiO/, /piz/. At the time this stimulus 
tape was prepared, the influence of the initial consonant on vowel 
duration was not known. Therefore, the remaining 4 wo* ds were 
chosen with the criterion that the initial consonant remain constant 
and that it be voiceless. These constant /#p~/ words were /pip/, 
/pib/, /pis/, /piz/. Each word was used twice in a tape. 

A subsequent study with adult subjects (Naeser, 1970b) showed 
the initial consonant to increase vowel duration in a CVC word only 
if that initial consonant was voiced. Thus, because all initial 
consonants were voiceless in the story words, /fit/, /sid/ /tiO/, 
/piz/ and in the constant /#p— / words, it was not expected that 
vowel duration for the 2 sets of words vculd be different if all 
initial consonants were articulated correctly. However, for the 
following reasons, the 2 sets of words were still used and responses 
were treated separately. 1) Some of the constant /# p — / words 
were perhaps unfamiliar to the children, e.g. /pip/, /pib/ and 
their responses for these words might differ from those for the 
familiar story words. 2) Responses for che story words in this 
study elicited with tape stimuli were separated for comparison 
with those responses for the same story words in the first study 
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elicited with picture stimuli, to test for any differences in 
vowel duration under the different stimulus conditions* 

A male graduate student in linguistics who had experience In 
recording phonological items for testing recorded the stimulus 
tapes. * He recorded the words with a normal conversational list 
intonation pattern. Recording was done under the same conditions 
as described in Chapter 2. 

Vowel duration measurements for the stimulus words were taken 
from duplex oscillograms produced and segmented as described in 
Appendix B. 

SUBJECTS 
Group 1 

The same children who participated in the first study participated 
in this study for 7 months. The .oean age was 27.6 months when this 
study began, and 33.2 months when the study was finished. 

Group 2 

The same children who participated in the first study participated 
in this study for 3 months. The mean age was 2T, months when this study 
began, and 24 months when the study was finished. 

PROCEDURE 

A parent of each child accompanied him to the Department of 
Linguistics Phonetics Laboratory each month. The parent, the child 
and the experimenter sat at a table in a 'Sound-treated booth and the 
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same recording equipment used in the first study was used here. The 
stimulus tape was played back on a Sony tape recorder (Model TC-777-4) 
which was outside the booth, at the recorded speed of 7^i.p.s. and 
amplified in the sound-treated booth through a Sony amplifier (Model 
SSA 3). For a schematic diagram of this recording procedure see 
Fig. 14. 

The child was taught how to push the Sony remote control buttons 
which played back the words from the stimulus tape. The experimenter 
said to the child, "Push the button and you will hear a man talk." 

The child then pushed the playback button and heard the male voice 
utter a word from the stimulus tape. The experimenter then stopped 
the tape and said to the child, "Say what the man ju3t said." The 
child then uttered the word just played back from the stimulus tape. 

If the child uttered a totally incorrect word or did not hear the 
stimulus word, the experimenter used the remote control to wind 
the tape back and the same stimulus word was tested for again with 
the' above procedure. This procedure was used for all words. After 
the child understood the task, there was no need for the experimenter 
to say, "Say what the man just said," and the recording session went 
on through the initiative of the child. 

Each child in Group 1 completed Stimulus Tape A once one month, 
then stimulus Tape B once the next, and so on,. Each child in Group 2 
completed Stimulus Tape A twice in the first month; in the second 
month he was not asked to respond to Stimulus Tape A or B. In the 
third month, he was tested with Stimulus Tape A In the same way he 

month. 
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Sound-Treated Booth 




Fig. 14 Schematic diagram for recording utterances elicited 

with a stimulus tape at the Department of Linguistics 
Phonetics Laboratory 
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When the children were under 30 months of age, any toys or 
candy In the sound-treated booth severely distracted the child from 
the task and they had to be removed. After 30 months of age, it 
was helpful to reward the child with a small piece of candy after 
each word was said. This was set aside for later as the task could 
not be performed, of course, while the child had something in his 
mouth. 

A parent of each child was recorded under the same conditions 
over a 3 month period. Each parent completed Stimulus Tape A or 
Stimulus Tape B once each month. 

Acoustic Analysis of Responses 

The responses were analyzed, transcribed and coded exactly as 
they were in the first study. 



RESULTS AND DISCUSSION 

The same 5 scoring procedure types which were used in the first 
study were used in this study. 

Response utterances from the 9 children from the 2 groups in 
this longitudinal study were separated into 5 groupings based on age 
and recording session number in the following way: 



Session 
No. 

1 

3 

2-3 

4-5 

6-8 



Mean 

Age (mo.) 

22 

24 

28 

30 

32 



No. of 
Children 

3 

3 

6 

6 

6 



Group 

No. 

2 

2 

1 

1 

1 
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The vowel durations with /i/ were treated separately for the 
story words and the constant /#p — / words, for reasons discussed 
earlier * 

STATISTICAL ANALYSIS OF RESPONSES 

The statistical analysis was done on the vowel durations produced 
by the 3 children in Group 2. Only the responses for the children 
in Group 2 were used in this analysis, not Group 1, because the 
former had a minimum of 3 observations per child per word per session, 
and the latter had only 1 or 2, Only responses from scoring procedure 
type 1 (All response consonants as a function of the stimulus) were used. 
In session 1 approximately 21% of the final response consonants were 

incorrect; in session 3| approximately 14% were incorrect* 

To find out if the children were following the vowel duration 

of the stimulus tape, a completely repeated measures analysis of 
variance test was performed on the difference between the children’s 
mean vowel durations and those on the tape, with the design, session 
(2) by word set (2) by manner (2) by voicing (2). 

The overall mean vowel duration differences from the stimulus 
tape were significantly different between sessions 1 and 3 (F(l,2) e 
2100.79, p < .01). The mean duration in session 1 (stimulus tape 
values given in parenthesis) was 292 msec (291), a difference of 1 msec 
from the stimulus tape, and in session 3, 321 (291), a difference of 
30 msec. These overall differences are very small in absolute terms, 
however, and a 31 msec difference in performance over a 2- month period 

s probably not a very large difference in terms of speech production. 




It is, however, probable that the children were imitating the 
durations on the tape in both sessions because not one other production 
factor showed up as significantly different from those on the tape 
at the p < .05 level. This will be discussed later with comparison 
of these vowel duration values with those produced with the picture 
stimuli for the vowel /i/ in the first study. 

To test for significant differences in the actual vowel durations 
produced by the children, a completely repeated measures analysis 
of variance test was performed on the childrens vowel duration means 
with the same design which was used above. 

Mean vowel duration was not found to differ significantly for 
the 2 word sets used - story words vs. constant /# p — / words. Thus, 
the children treated the unfamiliar words as they had the story 
words in this study and the following results hold for both sets 
of words. 

In the childrens utterances, vowel duration was significantly 
greater before stimulus voiced consonants than before stimulus 
voiceless consonants (f(l,2) « 63.68, p^ < *05)* The childrens 
mean vowel duration (stimulus tape values given in parenthesis) 
before voiceless consonants was 212 (207) and before voiced consonants, 
401 (376). The children's voiceless-to -voiced ratio was .52 (.55). 

This is a similar finding to that in the first study where there was 
a significant difference between the duration before voiceless 
consonants, 243, and before voiced ccnsonants, 424. The voiceless- 
to-voiced ratio in the first study was ,57. 
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The children's vowels were significantly longer before final 
stimulus fricatives than before stimulus stops (F(l,2) = 22.30, £< .05). 
For children, the mean vowel duration before stops (stimulus tape 
values given in parenthesis) was 245 (200) and before fricatives, 368 
(321). The difference between vowel duration before stops and fricatives 
was not significant in the first study. For that study, the value for 
/ i / was 324 before stops and 343 before fricatives. 

DESCRIPTIVE ANALYSIS OF RESPONSES 

Vowel duration i n relation to v oic ing of final stops 

Final stops a fter lit in story w ords. Table 14 lists the incorrect 
final response consonants substituted in /fit/ and /sid / in this tape 
study. Comparison of the percentage of incorrect final response 
consonants in this study and the first study for the story words, 

/fit/ and /sid/, in the table below shows that in roost age groups 
there were fewer errors with the tape stimulus than the picture 
stimulus . 



Mean 

Age (mo.) 


Percent incorrect 


final response consonants 








/fit/ 


/ 


sid / 


Tape 


Picture 


Tape 


Picture 


Tape 


Picture 


22 


22 


0% 


8% 


41% 


50% 


24 


24 


0% 


0% 


2 5% 


33% 


28 


27 


4% 


117. 


33% 


2 5% 


30 


30 


4% 


87, 


0% 


16% 


32 


34 


8% 


2% 


0% 


2% 



88 
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Table 14 

Second study, children’s responses to taped stimuli of normal duration. 
Incorrect response consonants and missing responses 
for / i/ before stops 



Sess . 


Mean 




/fit/ 


/s id/ 




/pip/ 


/plb/ 


No. 


l> 

l&G 
l « 

1 

3 
1 o 


.) 


. 1 

W 

r-4 

>< 


Vd.st . 




VI. st . 


Vd.st. 


1 


22 


Inc. resp. cons. 


0 


5/ 1 / 




0 


4/m/ 






No. inc. resps. 


0 


5 




0 


z — 






% inc. resps. 


07 o 


417* 




07* 


33% 






No. missing resps 


.0 


0 




0 


0 






% missing resps. 


07* 


0% 




07* 


0% 


3 


24 


Inc. resp. cons. 


0 


i/t/ 




0 


3/p/ 










l/n/ 
















1/0/ 












No. inc. resps. 


~o 


3 




0 


3 






% inc. resps. 


07* 


2 57* 




0% 


2 5% 






No. missing resps 


.0 


0 




0 


0 






% missing resps. 


07* 


07* 




07* 


0% 


2-3 


28 


Inc. resp. cons. 


l/d/ 


6/t/ 




0 


6/p/ 










l/n/ 






L/n/ 










l/v/ 












No. inc. resps. 


1 


8 




0 


7 






7* inc. resps. 


47* 


337* 




0% 


2 9% 






No. missing resps*3 


2 




3 


I 






% miss ing resps . 


127* 


8% 




127* 


47* 


4-5 


30 


Inc. resp. cons. 


1/ts/ 


0 




0 


2/p / 
















1/0/ 






No. inc. resps. 


T 


0 




0 


3 






7o inc. resps. 


4% 


0% 




87* 


127* 






No. missing resps 


.0 


0 




1 


0 






7* miss ing resps . 


0% 


07* 




47* 


0% 


6-8 


32 


Inc. resp. cons. 


3/ts/ 


0 




0 


i/p/ 






No. inc. resps. 


3 


<5 




v — 


I 






7, inc. resps. 


SI 


07* 




07* 


2% 






No. missing resps 


.0 


0 




0 


0 






7c missing resps. 


07, 


07* 




07* 


07* 



o 
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Tli is is to be expected since the entire CVC model was presented 
to the child immediately before he uttered the response. With the 
tape stimuli there was a small increasing error rate over age 
for the voiceless stop /t/> and a decreasing error rate for the 
voiced stop / d / . The substitutions followed the same pattern 
they had in the first study, i. e. for /t/, /ts/ f which probably 
included the regular plural morpheme, and for / d/ , the 
voiceless counterpart / t / . 

Despite the incorrect production of some of the final 
response consonants f scoring procedure type 1 on Table 15 
and Fig. 15 shows that correct differential vowel duration was 
produced throughout all age groups. The voiceless-to-voiced ratio 
was ,51 at 22 months and ,52 at 32 months. The stimulus 
tape ratio was .64, and that for the parents was .60. The same 
pattern was seen in scoring procedure types 2 and 3. 

Scoring procedure types 4 and 5 are listed in Table 15 and 
displayed in Fig. 15. The same general pattern which was seen 
for vowel duration with incorrect final response consonants in the 
first study is seen in the incorrect responses in this study. As 
noted above, however, there were fewer incorrect responses with the tope 
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Table 15 

Second study, children's responses to taped stimuli of normal 
durdion. Mean vowel duration (msec) for /if before stops in /fit/, 
/sid/, as a function of children’s age 



o 

ERIC 



Stim 


. tape 


; VI 


. St 


. /fi 


t/ 208, i 


Vd. st. / 


sid/ 


325, VI, 


,/Vd. 


Ratio .64 


Sesi 

No. 


; .Chi Id Ago 
No. (mo) 


Type 1 
All resp* 
cons/st im 
VI. Vd. Rat. 


Type 2 
Response 
cons/ resp 
VI. Vd. Rat. 


Type 3 
All correct 
res p cons 
VI. Vd. Rat. 


Type 4 
Inc R 
cons/S 
VI. Vd. 


Type 

Inc 

cons 

VI. 


■ 5 
R 
/R 
Vd . 


1 


1 


24 


212 


2 96 


.72 


2 00 


345 


.58 


2 12 


345 .62 




150 


150 


___ 


1 


8 


21 


162 


424 


.38 


2 36 


410 


.58 


162 


410 .40 


— 


438 


2 86 


— 


1 


9 


21 


130 


278 


.47 


180 


275 


.66 


130 


275 .47 


— 


2 82 


2 82 


— - 


I 


Mean 


22 


16 8 


332 


.51 


206 




.66 


168 343 .49 


— 


290 


~rw 




3 


7 


26 


168 


356 


.47 


16 8 


356 


.47 


168 


356 .47 










3 


8 


23 


2 54 


382 


.66 


298 


428 


.70 


2 54 


428 .59 


— 


338 


330 


— 


3 


9 


23 


104 


312 


.33 


104 


308 


.34 


104 


308 .34 


— 


32 5 


— 


— 


3 


Mean 


24 


175 


350 


.50 


190 


364 


.52 


175 


364 .48 


— 


331 


330 


— 


2-3 


I 


2 8.5 


194 


490 


.40 


194 


485 


.40 


194 


485 .40 


— 


505 


— 


— 


2-3 


2 


2 8.5 


2 84 


521 


.54 


2 32 


485 


.48 


226 


495 .46 


455 


600 


240 


455 


2-3 


3 


27 


160 


318 


.50 


160 


318 


.50 


160 


318 .50 










2-3 


4 


26.5 


191 


246 


.78 


218 


— 


— 


191 





— 


246 


246 


— 


2-3 


5 


28.5 


190 


260 


.73 


227 


238 


.96 


190 


238 .80 


— 


2 82 


2 82 


— 


2-3 


6 


28.5 


202 


486 


.42 


202 


486 


.42 


202 


486 .42 










T- 3 


Mean 


28 


204 


386 


.53 


206 


402 


.51 


194 


404 .48 


455 


408 


2 56 


455 


7T-5 


1 


35\5 


268 2381 


.13 


225 


238 


.95 


225 238 .95 


310 








4-5 


2 


30.5 


198 


305 


.65 


198 


305 


.65 


198 


305 .65 










4-5 


3 


28.5 


2 34 


392 


.60 


234 


392 


.60 


2 34 


392 .60 










4-5 


4 


28.5 


138 


301 


.46 


138 


301 


.46 


138 


301 .46 










4-5 


5 


30 . 5 


155 


210 


.74 


155 


210 


.74 


155 


210 .74 










4-5 


6 


30.5 


231 


375 


.62 


231 


375 


.62 


231 


375 .62 










7T-5 


Moan 




2<JT 


3ozr 


.67 


195 


304 


.65 


196 


304 .65 


310 








6-8 




*3T* 


240 


453 


.53 


198 


453 


.44 


198 


453 .44 


2 82 








6-8 


2 


33 


242 


376 


.64 


241 


375 


.64 


242 


376 .64 










6-S 


3 


31 


174 


424 


.41 


174 


424 


.41 


174 


424 .41 










6-8 


4 


31 


206 


353 


.58 


206 


353 


.58 


206 


353 .58 










6-S 


5 


33 


240 


440 


.54 


240 


438 


.55 


240 


440 . 54 








42 5 


6-H 


6 


3 3 


165 


404 


.41 


1*5 


404 


.41 


165 


404 .41 










6-SMean ' 




211 


408 


.52 


204 


408 


.50 


204 


408 .50 


2 82 


— 


— 


42 5 




Parent No 


. 
























1-3 


7 
















1S6 


397 .47 










1-3 


8 
















225 


380 .59 










1-3 


9 
















192 


308 .63 










L-J 


1 
















159 


1 30 .69 










1-3 


2 
















168 


>50 .67 










1-3 


3 
















180 


302 .60 










1-1 


4 
















185 


265 .70 










1-3 


3 
















176 


270 .65 










1-3 


b 
















168_294_ .52 










1-3 


Mean 
















_L82 AQ 






7 



Type I Type 2 Type 3 Type 4 Type 5 

All response Response All correct Incorrect response Incorrect response 

consonancs/stlnulus consonan ts/response response consonants consonants/stimulus consonants/response 
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Second study, children’s responses to taped stimuli of normal 
duration. Mean vowel duration and duration ratio for / 1/ before 
scops in /fit/, /sid/, as a function of children’s age. 
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stimuli than with the picture stimuli, thus, the graphic displays of 
the incorrect response data are not as full and are more difficult 
to interpret. Most of the incorrect response consonants were voiceless 
stop / t / substituted for the stimulus voiced stop /d / as mentioned 
above. Figure 16 shows the mean vowel duration with voiceless 
stops used correctly, with voiced stops used correctly, and voiceless 
stops substituted incorrectly for the voiced stop /d / • This figure 
clearly shows that vowel duration with the voiceless stop substituted 
incorrectly for the voiced stop was closer to that w’th the voiced 
stop used correctly, than to that with the voiceless stop used 
correctly. Thus, in this study, as was found in the first study, 
vowel duration produced with stops was usually appropriate for the 
final stimulus consonant, not the final response consonant* 

The mean vowel duration values produced by the children in 
this study are compared to those in the first study (scoring procedure 
type 1) in the table below: 

Mean 



Age (mo . ) Mean vowel duration (msec) 



Tape 


Picture 


n 

Tape 


it/ 

Picture 


Is 

Tape 


id/ 

Picture 


22 


22 


168 


180 


332 


346 


24 


24 


173 


306 


350 


464 


28 


27 


204 


240 


386 


371 


30 


30 


204 


191 


304 


334 


32 


34 


211 


269 


408 


424 



This table and Fig. 17 show that the durations were not very 
different under the 2 stimulus conditions. It can also be seen, 
however, that the durations were much more consistent (especially 

o 




/tit/ /sid/ / pip/ /pib/ 

Type 3 Type 3 Type 5 Type 3 Type 3 Type 5 

Correct Correct Incor: ^ct Correct Correct Incorrect 

voiceless voiced voiceless voiceless voiced voiceless 
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First study, children’s responses to picture stimuli. Second study 
children’s responses to taped stimuli of normal duration and Third 
study, children’s responses to taped stimuli of abnormal equal dur 
£ion. Mean vov/el duration for /i/ before stops in /fit/, / sid/, a 
a function of children’s age. 
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before voiceless stop) with the tape stimuli study than with the 
picture stimuli study, although correct differential vowel duration 
was maintained in both studies from the mean age of 22 months. 

Final stops after / i/ in constant /#p — / words. As mentioned 
above, che statistical analysis showed no significant difference 
in these words from the story words. Table 14 shows there 

were no errors for final voiceless stop /p /• It also shows about the 
same error rate for the final voiced stop /b/ as for the final voiced 
stop /d/ from the story words. Scoring procedure types 1, 2, 3, 4 
and 5 in Table 16 and Fig. 18 show a pattern similar to that for the 
story words. Comparison of scoring procedure type 5 to Type 3 on 
Fig. 17 shows that here, also, the vowel duration used with voiceless 
stops incorrectly substituted for voiced stops was close to that foi 
correctly used voiced stops than voiceless stops. 

Vowel duration In relation t o voicin g of final fricative s 

Final fricat ives after / i/ in story words . Table 17 lists 
the incorrect final response consonants substituted in /tiO/ and 
/ piz / • A comparison of the percentage of these final response 
consonants for the story wo‘ds and those in the first study Is 
given in the tabic below: 
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Second 

duration. 



Table 16 

study, children’s responses to taped stimuli of normal 
Mean vowel duration (msec) for / i/ before stops in /pip/, 
/pib/, as a function of children’s age 
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o 

ERIC 



Stim 


. nape 


:! VI 


. st 


. /pip/ 192, ' 


i'd. si:. , 


/pib/ 325, VI ./ Vd . Ratio . 


59 


Sess .Child Ago 
No. No. (mo) 


Type 1 
All resp. 
cons/st im 
VI. V6 . Ran . 


Type 2 
Response 
cons/ resp 
VI. vd. Rat. 


Type 3 
All correct 
resp cons 
VI. Vd. Hat. 


Type 4 
Inc R 
cons/S 
VI. Vd. 


Type 5 
Inc R 
Cons/R 
VI. Vd. 


1 


7 


24 


155 


251 


.62 


155 


251 .62 


155 251 .62 









1 


8 


21 


204 


404 


* 50 


204 


355 .57 


204 355 .57 


— 420 


— 


— 


l 


9 


21 


121 


214 


.57 


121 


200 .61 


121 200 .61 


255 


— 


— 


1 


Mean 


22 


160 


290 


.55 


160 


268 .60 


160 268 .60 


— 338 


— 


— 


3 


7 


26 


176 


370 


.48 


176 


370 .48 


176 370 .48 








3 


8 


23 


182 


378 


.48 


275 


320 .86 


182 320 .57 


398 


398 


— 


3 


9 


23 


80 


285 


.28 


80 


285 .28 


80 285 .28 








3 


Mean 


24 


146 


344 


.42 


177 


325 .54 


146 325 .45 


— ^98 


398 


— 


2-3 


1 


T8.S 


245 


298 


.82 


245 298 .82 


245 298 .82 








2-3 


2 


28.5 


211 


510 


.41 


246 


508 .48 


211 508 .42 


— 512 


385 


— 


2-3 


3 


27 


202 


290 


.70 


202 


290 .70 


202 290 .70 








2-3 


4 


26.5 


121 


185 


.66 


153 





121 


185 


185 


— 


2-3 


5 


2 8.5 


172 


2 82 


.61 


222 


252 .88 


172 252 .68 


— 375 


375 





2-3 


6 


28.5 


225 


308 


.73 


225 


308 .73 


225 308 .73 





— 


— 


7TT 


Mean 


T8 


196 


312 


.63 


216 


331 .65 


196 331 .59 




J15. 




7-5 


1 


3d. 5 


182 


32 5 


.56 


182 


32 5 .56 


182 32 5 .56 








4-5 


2 


30.5 


194 


350 


.55 


194 


350 .55 


194 350 .55 








4-5 


3 


28.3 


166 


445 


.37 


166 


392 .42 


166 392 .42 


— 605 


— 


— 


4-5 


4 


28.5 


145 


264 


.55 


203 


208 .98 


145 208 .70 


— - 320 


320 


— 


4-3 


5 


30.3 


120 


246 


.49 


120 


246 .49 


120 246 .49 


. — 






4-5 


6 


30.5 


175 


346 


.51 


175 


346 .51 


. 175 .346... 51- 
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15 can 


~35 


164 


-1?JL 




174 


311 ^56 164 311 ,51- 


---_462. 


J2JL 
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33 


242 


433 


.55 


242 


438 .55 


242 438 .55 
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2 34 


32 5 
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2 34 
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234 345 .68 


— 230 
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.55 


184 338 .55 
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--- 230 _ 


2 30 
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Fig- 13 Second study, children* s responses to taped stimuli of normal duration. Mean vowel 
duration and duration ratio for / i/ before stops in /pip/, /pib/, as a function of 
children*s age. 
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Mean 



Age 


(mo . ) 


Percent 


incorrect 


final response 


consonants 






/tie/ 




/piz/ 


Tape 


Picture 


Tape 


Pic ture 


Tape 


Picture 


22 


22 


33% 


33% 


41% 


41% 


24 


24 


33% 


33% 


8% 


41% 


28 


27 


16% 


19% 


2 5% 


30% 


30 


30 


4% 


5% 


16% 


11% 


32 


34 


0% 


0% 


8% 


4% 



From the above table it can be seen that in most age groups 
there were fewer errors with the tape stimuli than with the picture 
stimuli; exceptions are at 30 and 32 (34) months* There was a 
decreasing error rate in both conditions. The substitutions in this 
study were of the same variety as found in the first study - primarily 
voiceless fricative / s / for the stimulus voiced fricative /z/ . 

Despite the incorrect production of some of the final response 
consonants, scoring procedure type 1 on Table 18 and Fig. 19 shows 
correct differential viwe l dural ion to have boon produced throughout 
all ago groups. The voicelcss-to-voiecd ratio was .(»1 nl 22 months 
and .52 at 32 months. The stimulus tape ratio was .51 and that 
for the parents was .54. The same pattern was also seen in scoring 
procedure types 2 and 3. 

Scoring procedure types 4 and 5 are listed in Table 18 and 
displayed on Fig. 19. They show the same pattern which the incorrect 
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Table 17 

Second study, children's responses to taped stimuli of normal duration. 
Incorrect response consonants and missing responses 







for / i/ 


before 


fricatives 






Sess . 


Mean 




/tie/ 


/piz/ 


/ pis/ 


/piz/ 


No. 


Age (mo. ) 


Vl.fr. 


Vd.fr. 


Vl.fr. 


Vd.fr. 


1 


22 


Inc. resp. cons. 


4/t/ 


3/s/ 


0 


2/s/ 














1/dz/ 






No. inc, resp. 


T 


5 


0 


3 






% inc. resp. 


337, 


41% 


07> 


2 5% 






No. missing resp 


, 0 


0 


0 


0 






% missing resp . 


0% 


0% 


0% 


0% 


3 


24 


Inc. resp. cons. 


4/t/ 


1/s/ 


0 


2/s/ 














1/sts/ 






No, inc. resp. 


4 


r 


0 


3 






% inc. resp. 


33% 


8% 


0% 


2 5% 






No. missing resp, 


, 0 


0 


0 


0 






% miss ing resp . 


0% 


07* 


0% 


0% 


2-3 


28 
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2 / 1 / 


3/s/ 


l/z/ 


2/tJV 








1/tJ/ 2/0/ 


1/0/ 


1/s/ 








1/ts/ 


1/ts/ 


1/ts/ 


1/dz/ 












1/dz/ 


1/bz/ 






No. inc. resp. 


4 


6 


4 


5 
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16% 


25% 


16% 


20% 






No. missing resp. 


. 3 


2 


2 


3 






% missing resp. 


12% 


8% 


87* 


12% 


4-5 


30 
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L/z/ 


2/s / 


2/0/ 


1/0/ 










2/0/ 


1/ ts/ 
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“1 


4 


3 


l 






7* inc. resp. 


4% 


16% 


12% 


47, 






No. missing resp, 


. 0 


1 


0 


0 






7* missing resp . 


0% 


0% 


0% 


0% 


6-8 


32 
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0 


2/0/ 


l/z/ 


0 










I/d/ 
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~0 


3 


T 


0 






% inc. resp. 


07, 


8% 


2% 


0% 






No. missing resp, 


, 0 


0 


0 


0 






% missing resp. 


0% 


0% 


0% 


0% 
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Table 18 



Second 


study. 


children T 


s 


responses 


to 


taped 


stimuli 


of norma 


1 




durat 


ion . 


Mean 


vowe 


1 durati 


on (m 


sec) 


for 


/}./ 


before fricat 


ives 


in 


/ t 19/ , 










/piz 


/ , as 


a 


funct 


ion 


of children's 


age 










S t in 


i. tape: 


VI 


. fr 


. /tie/ 


205, Vd. 


fr. 


/piz/ 


400 


, VI. 


,/Vd. 


Rat 


io . 


51 










Type l 




Type 2 




Type 3 




Type 


> 4 


Type 5 


So St 


i .Chi 


Id Ago 
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resp. 
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pons 
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All 
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cons 
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Cons/tt 
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Vd . Rat. 
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Rat . 


VI. 


Vd. 


Rat. 


VI. 


Vd. 


VI. 


Vd. 


1 


7 


24 




231 


331 


.70 


231 


331 


.70 


231 


331 


.70 










l 


S 


21 




210 


475 


.44 


372 


578 


.65 


— 


578 


— 


210 


372 


372 







9 


21 




321 


442 


.73 


357 


555 


.64 


321 


555 


.58 


— 


405 


405 





1 


Mean 


22 




2 54 


416 


.61 


320 


488 


.66 


2 76 


488 


.57 


210 


388 


388 


— . 


3 


7 


26 




180 


470 


.38 


180 


470 


.38 


180 


470 


.38 










3 


8 


23 




311 


668 , 


.47 


610 


688 


.89 


— 


688 


... 


311 


610 


610 




3 


9 


2? 




311 


445 , 


.70 


311 


445 


.70 


311 


445 


.70 










3 


Mean 


24 




268 


52 8 , 


.51 


367 


534 


.69 


246 


534 


.46 . 


311 


610 


610 


— 


2-3 


1 


28, 


.5 


315 


468 , 


.67 


315 


445 


.71 


315 


415 


.76 





520 


— 


505 


2-3 


2 


28 


.5 


261 


590 , 


.44 


2 82 


590 


.48 


2 82 


590 


.48 


240 








2-3 


3 


2 7 




188 


480 , 


.39 


188 


480 


.39 


188 


480 


.39 










2-3 


4 


20 


.5 


156 


2 50 , 


.63 


229 


— 


— 


16 5 


— 


— 


148 


2 50 


272 


— 


2-3 


5 


28 


. 5 


308 


315 . 


,9R 


308 


315 


.98 


308 


315 


.98 










2-3 


6 


28 


.5 


382 


602 , 


,63 


382 


602 


.63 
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.63 










2-3 
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~TS 




268 


450 . 


.59 


2 84 


486 


.58 


273 


480 


.57 


194 


385 


272 


505 


7-5 


1 


3b 


c 

• J 


340 
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.82 


340 
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340 
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2 


30 


.5 


295 
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268 


342 
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268 
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3 


28 
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320 
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— 


— 


4-5 


4 


28, 


.5 


255 
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285 


332 


.86 
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.77 


— 
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405 


— 


4-5 


5 


30 




196 
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,64 


196 


308 


.64 
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.64 
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0 


30 
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241 
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.48 
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.47 


— 


275 


275 


— 


T-T 


Moan 




'1W 


404 . 
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412 


.67 


2 70 
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.66 
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412 
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6~8 


__ 


33 
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55 
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.54 
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586 


.54 
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3 3 
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220 
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3 


31 
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3 3 
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1 - J 7 
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l - < i 
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1-3 3 

I - 3 a 
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1-3 6 

O l“lL 




255 549 .46 
252 416 .61 
224 420 .53 
209 320 .65 
209 355 .59 
212 430 .49 
202 362 . 56 
196 388 .51 

-2JJ- 364 ..59 

219 400 .54 



Type 1 Type 2 Type 3 Type 4 Type 5 

All response Response All correct Incorrect response Incorrect response 

consonants / st inulus consonants/response response consonants consonants/st imulus consonants/response 
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substitutions showed for the stops in this stud/. Figure 20 shows 
the mean vowel duration with voiceless fricatives used incorrectly 
with voiced fricatives used correctly, and voiceless fricatives 
incorrectly substituted for the voiced fricative /z/ . The figure 
clearly shows that vowel duration with the voiceless fricatives 
is closer to that with the voiced fricatives us sd correctly than to 
that with the voiceless fricatives used correct Ly. Thus, in this 
study, as in the first study, vowel duration with fricatives was 
usually produced according to the final stimulus consonant, not the 
final response consonant. 

The mean vowel duration values produced by the children in this 
study are compared to those in the first study (scoring procedure 
type 1) in the table below: 



Mean 



Age 


(mo.) 




Mean vowel 


duration (ms 


ec) 










/tiO/ 




/ 


piz/ 




Tape 


Picture 


Tene Picture 


Pi f . 


Tape 


Pic ture 


D if, 


22 


22 


2 54 


225 


29 


41o 


430 


14 


24 


24 


268 


262 


6 


52 8 


456 


72 


28 


27 


268 


308 


40 


450 


475 


25 


30 


30 


2 74 


290 


16 


404 


459 


55 


32 


34 


242 


210 


32 


468 


497 


29 



The difference in the durations between the tape and picture 
studies is not very great. There appears to be more consistency in 
the duration before the voiceless fricatives in the tape study than 
the picture study, and they were about the same for the 2 conditions 
for the voiced fricatives. Figure 21 shows this on a bar graph. 
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Fig. 20 Second study, children’s responses to taped stimuli of normal 
duration. Mean vowel duration for / i/ before correctly used 
voiceless and voiced fricatives and before voiceless fricatives 
substituted for voiced fricatives, as a function of children's age 



/ti 0/ /piz/ 

Type 1 Type 1 

All response consonants/stimulus All response consonants/st imulus 
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First study, childrens responses to picture stimuli, Second study, children's responses to 
Fig. 21 taped stimuli of normal duration and Third study, children's responses to taped stimuli of 
abnormal equal duration. Kean vowel duration for lii before fricatives in /tiO/, /piz/, 
as a function of children's age. 
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Final frica t ives after / 1/ in c onstan t /#p — / word s. Table 
17 shows there were some errors for the voiceless fricative / s / 
at 28, 30, and 32 months, but none earlier. Most of the errors 
were for the voiced fricative IvJ and these were of the same nature 
as those for the voiced fricative tz / in the story words (the actual 
CVC word ^as the same). The most common substitution was the voiceless 
fricative / s / . Scoring procedure types 1, 2, 3, 4 and 3 in Table 19 
and Fig. 22 show a pattern similar to that for the story words. 

Scoring procedure type 5 is compared to Type 3 on Fig. 20 and it 
shows that here also, the vowel duration used with voiceless fricatives 
incorrectly substituted for the voiced fricative was closer in duration 
to that for correctly used voiced fricatives than voiceless fricatives. 



Vowel duration in relation to manner of articulation of final 



consonants 



F inal stops an d fr ic ativ es in story words. Tables 14 and 17 
show t lie errors produced for stops and fricatives; these have 
been discussed under Questions 1 and 2. The manner of production, 
stop, was never confused with the manner of producton, fricative, 
as was the case for voicing. 
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Table 19 

Second s tudy , c hi ldr en 1 s responses to taped stimuli of normal 
duration. Mean vo^el duration (msec) for / i / before fricatives in /pis/, 
/piz/, as a function ofchildren's age 



Stim. tape: VI. fr. /pis/ 225, Vd. fr. /pi z! 455, Vl/Vd. Ratio ,49 
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Second study, children’s responses to taped stimuli of normal 
duration. Mean vowel duration and duration ratio for / i/ before 
fricatives in /pis/, /piz/, as a function of children's age. 



Scoring procedure type 1 on Table 20 and Fig. 23 shows that 
correct differential vowel duration was produced with stops vs. 



87 



fricatives continuously from 22 tc 32 months of age. The same 
was true for scoring procedure types 2 and 3. 

The mean vowel duration values produced by the children before 
stops and fricatives in this study are compared to those in the first 
study (scoring procedure type 1) in the table below: 



Mean 

Age (mo.) 




Mean vowel 


durat ion 


(msec ) 








Stops 


Fricatives 


Tape 


Pic ture 


Tape 


i Picture 


Tape 


Pic ture 


22 


22 


2 50 


263 


335 


32 8 


24 


24 


262 


385 


397 


359 


27 


28 


295 


305 


360 


408 


30 


30 


2 54 


272 


339 


391 


32 


34 


310 


346 


356 


403 



It can be seen from this table that vowel duration was always 
produced correctly with the tape stimuli, but this was not always 
the case with the picture stimuli (24 mo.) Thus, this is the single 
main difference hoLween the vowel du rat Ions produced in the first 
a ml second s l ud i os . 

Final stops and fricatives in constant /#p--/ words. Scoring 
procedure types 1, 2 and 3 in Table 21 and Fig. 24 show the same pattern 
as the story words. 

SUM MARY 

Correct differential vowel duration was seen to have already 
emerged at the youngest ages recorded with the tape stimuli - 21 
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Table 20 

Second s t udy , children' s responses to taped stimuli of normal 
duration. Mean vowel duration (msec) for / i/ before stops and fricatives 
in the story words, as a function of children's age 



Stim, tape: Stops 266, Fricatives 302 









Type L 


Typo 2 


Type 3 


Sess 


.Child Age 


All 


resp. 


Res 


ponse 


All 


correct 


No, 


Nc 


i , (mo ) 


con 


s/s t im 


con 


: s / resp 


res 


;p cons 








St. 


Fr. 


St . 


Fr . 


St, 


Fr . 


L 


7 


2 4 


254 


281 


2 72 


281 


2 78 


281 


L 


S 


21 


293 


342 


323 


475 


2 86 


578 


1 


9 


2 1 


204 


382 


228 


456 


2 02 


438 


l 


Mean 


22 


2 50 


335 


274 


404 




.381 


3 


7 


26 


262 


32 5 


262 


32 5 


262 


32 5 


1 


8 


23 


318 


490 


362 


649 


340 


688 


3 


9 


23 


208 


378 


206 


378 


2 06 


373 


3 


Mean 


24 


262 


397 


277 


450 


2 70 


390 


2-3 


l 


~28.5 


342 


391 


339 


380 


339 


365 


2 ■ -3 


2 


28,5 


402 


425 


359 


436 


360 


436 


2-3 


3 


2 7 


238 


334 


238 


334 


238 


334 


2-3 


4 


26,5 


218 


203 


218 


229 


191 


165 


2-3 


5 


2 8.6 


225 


311 


2 32 


311 


214 


311 


2-3 


6 


28.5 


344 


492 


344 


492 


-144- 


-492 . 


r-T 


Mean 




295 


360 


30A385_ . 


299 


JLZ& 


Trr 


f~ 


~3S7J' 


2 52 


378 


231 


378 


231 


378 


4-5 


2 


30 . 5 


251 


314 


251 


305 


251 


301 


4-5 


3 


28.5 


313 


440 


313 


442 


313 


442 


4-5 


4 


28.5 


219 


302 


2 19 


308 


219 


293 


4 - 5 


5 


30,5 


182 


2 52 


182 


2 52 


182 


2 52 


4 - 3 


h 


30.3 


303 


348 


303 


380 


303 


377 ... 


7»‘“lT 


Mean 


"TO " 


2 54 


339 


2 50 


344 


250 


34Q. 


hi 8 


] 


33 


346 


448 


326 


452 


32 5 


452 


6-8 


y 


33 


308 


2 79 


308 


2 79 


308 


2 79 


6-8 


3 


31 


2 99 


336 


209 


336 


299 


336 


6 -3 


A 


31 


280 


304 


;.so 


304 


280 


304 


6-8 


5 


$ t 


340 


42 0 


339 


434 


340 


434 


h-3 


6 


33 


284 


348 


2 84 


3£3_ 




JL4S. _ 


b is" 


TTean 


“TT 


310 


356 


306 


359 






Parent Ni 


1 . 












1 -i 


7 












2 92 


402 


1 -3 


s 












302 


334 


l-i 


(i 












2 50 


322 


1 - < 


i 












195 


265 


1-3 


■; 












2 09 


2 82 


1-3 


i 












241 


322 


1-5 


4 












225 


2 82 


i - 3 


5 












222 


2 92 


! - 3 


6 












231, 


2M . 


1-3 


Mean 












2AL L 


1 KL 



o 




Type 1 Type 2 Type 3 

All response Response All correct 

consonants/stimulus consonants/response response consonants 
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Fig 23 Second study, childrens responses to taped stimuli of normal 

duration. Mean vowel duration for /i/ before stops and fricatives 
in the story words, as a function of children’s age. 
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Table 2 1 

Second study, children T s responses to taped stimuli of normal 
duration. Mean vowel duration (msec) for / i/ before stops and fricatives 
in the constant /#p — / words, as a function ofchildren's age 



Stim. tape: Stops 258, Fricatives 340 




Type 1 

Seas .Child Ago All resp. 
No. No. (mo) cons/stim 



Type 2 
Response 
cons/resp 



Type 3 
All correct 
resp cons 



St. Fr. St. Fr. St. Fr. 



1 


7 


24 


203 


306 


203 318 


203 


318 


1 


8 


21 


304 


404 


2 79 42 7 


2 79 


421 


1 


9 


21 


168 


369 


160 388 


160 


380 


1 


Mean 


“22 


224 


360 


214 378 


214 


372 


3 


7 


26 


273 


340 


273 340 


273 


340 


3 


8 


23 


2 80 


410 


298 526 


251 


500 


3 


9 _ 


23 


182 


395 


152 395 


182 


395 


3 " 


Mu a n 


24 


245 


382 


251 420 


236 


412 


2-'J 


1 


“~FS.5 


2 72 


336 


3 72 344 


2 72 


344 


2-3 


2 


2 8.5 


300 


504 


376 535 


359 


512 


2-3 


3 


2 7 


246 


2 82 


246 282 


246 


2 82 


2-3 


4 


26.5 


153 


188 


153 249 


121 


2 52 


2-3 


5 


28.5 


227 


2 79 


237 306 


212 


306 


2-3 


6 


28.5 


266 


476 


266 422 


266 


422 


2-3 Mean 


fS 


'254" 


344 


2 74 356 


264 


353 


4-5 


1 


30.5 


2 54 


371 


2 54 340 


254 


340 


4-5 


2 


30.5 


2 72 


362 


2 72 362 


2 72 


362 


4-5 


3 


28.5 


306 


511 


2 78 562 


278 


562 


4-5 


4 


28.5 


204 


308 


205 308 


176 


308 


4-5 


5 


30.5 


183 


268 


183 268 


183 


268 


4-5 


6 


30.5 


260 


2 80 


260 280 


260 


2 80 


?T-T 


Moan 


30 


246 


350 


242 354 


237 


353 


6-8 


1 


3 i 


350 


531 


340 531 


340 


531 


6-8 


2 


3 3 


2 80 


307 


289 304 


2 90 


308 


6-8 


3 


31 


2 36 


372 


2 36 372 


2 36 


372 


6-8 


4 


31 


183 


284 


183 284 


183 


284 


6-8 


5 


1 > 


288 


416 


288 416 


2 88 


416 


0~ 8 


6 


33 


233 


32 3 


233 323 


233 


32 3 


6-8 


Men n 


‘“35 


‘260 


372 


262 372 


262 


372 




Parent No 


. 










l-J 


7 










281 


389 


1-3 


8 










292 


340 


l-J 


9 










245 


326 


1-3 


] 










172 


2 56 


1-3 












229 


293 


1-3 


3 










237 


335 


1-3 


4 










190 


288 


1-3 


5 










186 


2 82 


1-3 


6 










-1 


304 


io 


Mean 










227 


312 
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92 

months - just as with the picture stimuli. There were fewer final 
response consonant errors with the tape stimuli, however. 

The statistical analysis showed there was no difference between 
the 2 word sets used in the tape - story words vs, constant /ftp — / 
words. The children always produced longer vowels before voiced 
than voiceless consonants, and longer vowels before fricatives than 
stops from the earliest ages on, in this study, The former was also 
true for responses produced in the first study, the latter was not. 

Thus, because correct differential vowel duration was always 
produced as it should have been for American English (regardless 
of the nature of the final response consonant) for this study, and 
that statement could not be made for the responses in the first 
study, it is inferred that the children were probably imitating the 
vowel duration on the stimulus tape and not necessarily producing 
it according to the same internal model used in production of responses 
with only the picture stimuli. More about che possibility of direct 
Imitation of tape stimuli was investigated in the third study. 
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FOOTNOTES (Chapter 3) 



1. Robert E. Rudegeair 
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Chapter 4 



THIRD STUDY: VOWEL DURATION IN CHILDREN’S RESPONSES 



ELICITED WITH TAPED STIMULI OF ABNORMAL EQUAL DURATION 



IN TRODUCTION 



o 
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This study investigated the production of vowe3 duration in 
utterances elicited with a stimulus tape which had stimulus words 
of abnormal equal vowel durations. This was not a developmental 
study but rather a study which asked the questions: Given that 

the children were already producing correct differential vowel 
duration before voiced and voiceless consonants in utterances 
elicited with a story (no immediate model produced for them to 
copy) and that the children were also producing correct differential 
vowel duration in utterances elicited with a stimulus tape which 
had words with correct differential vowel durations (an immediate 
model produced for them to copy) , what did the children do when 
presented with a stimulus tape which had words with abnormal equal 
vowel durations? Would the children continue to produce correct 
differential vowel duration, or would they follow the stimulus 
tape? The children in Group 1 were tested from 34 to 36 months 
of age; those in Group 2 were tested at 23 months of age. 
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ME THOD 

STIMULUS MATERIALS 

The same stimulus words which were used in Stimulus Tapes A and 
B in the second study were used in the stimulus tapes in this study 
for Stimulus Tape A* and B*. The same speaker recorded the stimulus 
tapes using the same tape recording equipment. He recorded each 
word with several different durations, using a monotone, list 
intonation pattern. Vowel duration measurements for the stimulus 
words were taken from duplex oscillograms produced and segmented 
as described in Appendix B. 

The utterances chosen for the stimulus tapes were then copied 
from this original tape. The vowel duration for /fit/ was chosen 
to match that for / s i d / ; the vowel duration for / 1 iO / , matched that 
for /piz/ ; /pip/, /pib/ ; and / pis/, /piz/. Words were copied onto 
the tapes in the same order in which they occurred in the Stimulus 
Tapes A and B . For complete ordering and vowel duration values, 
see Word list for stimulus tape A* and Word list for stimulus tape 
B * in Appendix A. 

si^bjects 

Croup 1 

Tire same children who participated in the first study participated 
in this study for 3 months. The mean age for children in this group 
at the beginning of the study was 33.2 months and 35.6 at the end. 



Croup 2 




The same children who participated in the 
in the fivSl study participated in this study 
age for children in this group was 22 months. 



first study participated 
for l month. The mean 
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PROCEDURE 

The tape recording procedure used in this study was the same as 
that used in the second study. 

Each child in Group 1 completed Stimulus Tape A 1 the first month, 
Stimulus Tape B' the second month, and Stimulus Tape A 1 again the 
last month. Each child went through the tape once each month; i.e. 
each word was uttered twice. Each child in Group 2 completed Stimulus 
Tape A T twice in the one month; i.e. each word was uttered four times. 

Acoustic Analysis of Responses 

The responses were analyzed, transcribed and coded exactly as they 
were in the second study. 

RESULTS AND DISCUSSION 

The same 5 scoring procedure types used in the first study were 
used in this study. 

Response utterances from the 2 groups formed the only 2 moan ages 
observed in this study. For Group 2 the mean age was 23 months at 
session 2. For Croup 1, the mean age was 34 months over sessions 8, 

9, 10. 

The vowel durations were treated separately for the story words 
and the constant / II p — / words just as they were in the second study. 
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STATISTICAL ANALYSIS OF RESPONSES 

A statistical analysis was done on the vowel durations produced by 
the 3 children from Group 2. Only the responses for the children in 
Group 2 were used in this statistical analysis , not Group 1, because 
the former had a minimum of 3 observations per child per word per 
session, and the latter had only 1 or 2. Only responses from scoring 
procedure type 1 (All response constants /stimulus) were used. In 
the responses used, approximately 16% of the final response consonants 
were incorrect . 

To find out if the children were following the vowel duration 
of the stimulus tape, a completely repeated measures analysis of 
variance test was performed on the difference between the childrens 
mean vowel durations and those on the tape with the design, word 
set (2) by manner (2) by voicing (2) . 

None of the factors tested were shown to be significantly 
different from those on the stimulus tape at the £ < .05 level. 

However, the difference for voicing was at the £ < .06 level, 

(F(l,2) = 15.23, £ < .06). Thus, the main factor which was 
being tested (voicing) was a borderline case. This will be 
further discussed later under the descriptive analysis. 

To test for significant differences in the actual vowel 
durations produced by the children, a completely repeated measures 
analysis of variance test was performed on the children's vowel 
duration means with the same design which was used above. 
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In the children's utterances, vowel duration was significantly 
greater before stimulus fricatives than before stimulus stops (F(l,2) = 
63.61, 2 . < *05)* The children's mean vowel duration before stops 
(stimulus tape values given in parenthesis) was 235 (325) and before 
fricatives was 334 (410) * It was expected that manner of articulation 
would test significantly different, however, because it was different 
on the stimulus tape. 

In the children's utterances, vowels were almost significantly 
longer before final stimulus voiced consonants than before final 
stimulus voiceless consonants (F(l,2) = 15.23, £ < .06). The 
children's mean vowel duration before voiceless consonants was 229 
(367) and before voiced consonants, 339 (367). The children did 
produce the correct voiceless-to-voiced ratio overall, of .67 vs. 
that on the tape which was 1.00. Thus, with a probability level of 
£ < .06, it seerre that the children were really not imitating the 

exact vowel durations on the tape but were producing the utterances 
with a more normal vowel duration pattern to which they were 
accustomed, as described in the first and second studies. 

DESCRI PTIVE ANALY SI S OF RESPONSES 

Vowel duration in relati on to voicing of fina l stops 

Final stops after / i/ in sto ry words . Table 22 lists the incorrect 
final response consonants substituted in /fit/ and /sid/. The same 
types of substitutions which were made in the first and second studies 
for these words were also msde in this study. The voiceless 
affricate /ts/ was the main substitution for / t/ and the voiceless 
stop / t / was the main substitution for the voiced stop /d/. 
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Table 22 

Third study , children' s responses to taped stimuli of abnormal equal duration. 
Incorrect response consonants and missing responses 
for / 1/ before stops 



S e s s • 


Mean 


/fit/ 


/sid/ 


/pip/ 


/pib/ 


No. 


Age 


(mo . ) 


VI. st. Vd.st. 


VI. st. 


Vd.st. 


2 


23 


Inc. resp. cons. 


1/ts/ 5/t/ 


0 


3/p/ 






No. inc. resp. 


I 


5 


U 


3 






% inc. resp. 


8% 


41% 


0% 


2 5% 






No. missing resp, 


. 0 


0 


0 


0 






% missing resp. . 


0% 


0% 


0% 


0%_ 


8-10 


34 


Inc. resp. cons. 


0 


0 


0 


6/m/ 






No. inc. resp. 


0 


0 


13 


s 






% inc. resp. 


0% 


0% 


0% 


16% 






No. missing resp, 


, 4 


4 


4 


4 






%, miss ing resp . 


11% 


11% 


11% 


11% 
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Despite the incorrect production of some of the final response 
consonants, scoring procedure type 1 on Table 23 and Figure 25 
shows that correct differential vowel duration was produced by 
both groups of children at 23 and 34 months of age. The voiceless- 
to-voiced ratio was .72 at 23 months, and .75 at 34 months. The 
same pattern is seen in scoring procedure types 2 and 3. 

Scoring procedure types 4 and 5 are listed in Table 23 and 
displayed on Figure 25. The same general pattern which was seen 
in Type 4 in the other two studies is seen also in Type 4 in this 
study. However, this is not the case for scoring procedure 
type 5 for children at 23 months. Figure 26 shows that vowels 
produced with incorrectly substituted voiceless stops for voiced 
stop / d/ were closer in duration to that for voiceless stops 
used correctly, than with voiced stops used correctly* Thus, 
the vowel duration produced here was appropriate for the fi 
response consonant, not the final stimulus consonant. This is 
contrary to the pattern set for final consonant substitutions in 

l i 

f * the other tw a studies. 

% 

There were 5 instances of / t / substitutions for /d/, 3 of 
these by child 8 (black), and 2 of these by child 9 (white). 

Both children exhibited the same pattern in vowel duration values for 
the substituted consonant where vowel duration was appropriate for 
the response consonant, not the stimulus consonant. This ma\ be 

o 

ue to perceptual confusion in the unusually long duration for these 




Table 23 101 

Third study, children’s responses to taped stimuli of abnormal equal 
duration. Mean vowel duration (msec) for / i/ before stops in /fit/, 

/ sid/, as a function of children' s age 



St itn 


. tape: VI. st. /fit/ 


315, Vd. st, 


. /sid/ 315, 


VI. /Vd. 


Ratio 1.00 


Sess 

No. 


Type 1 
All resp. 
Child Age cons/stim 
No. (mo) VI. Vd. Rat. 


Type 2 
Response 
cons/resp 
VI. Vd. Rat. 


Type 3 
All correct 
resp cons 
VI. Vd. Rat 


Type 4 
Inc R 
cons/S 
. VI. Vd 


Type 5 
Inc R 
cons/R 

. VI. Vd. 



2 


7 


25 


198 


315 


.63 


198 


315 


.63 


198 


315 


.63 — 






2 


8 


22 


2 56 


287 


.89 


2 56 


330 


.77 


2 56 


330 


.78 


273 


255 


2 


9 


22 


166 


266 


.62 


168 


348 


.48 


156 


348 


.45 195 


185 


185 — 


2 Mean 


_T3_ 


207 


290 


.72 


207 


330 


.63 


203 


330 


.62 195 




220 — 


8-10 


l 


35 


345 


456 


.76 


345 


456 


.76 


345 


456 


.76 — 






8-10 


2 


35 


193 


263 


.73 


193 


263 


.73 


193 


263 


.73 — 






8-10 


3 


33 


349 


468 


.75 


349 


468 


.75 


349 


468 


.75 






8-10 


4 


32 


208 


228 


.91 


208 


228 


.91 


208 


228 


.91 — 






8-10 


5 


35 


354 


450 


.79 


354 


450 


.79 


354 


450 


.79 — 






8-10 


6 


35 


228 


364 


.62 


228 


364 


.62 


228 


364 


.62 — 






00 

1 

o 


Mean 


34 


279 


372 


.75 


2 80 


372 


.75 


279 


372 


.75 — 








Type 1 Type 2 Type 3 Type 4 Type 5 

All response Response All correct Incorrect response Incorrect response 

consonants /stimulus consonants/response response consonants consonants /stimulus consonants/response 
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Fig. 25 Third study, children’s responses to taped stimlui of abnormal 
equal duration. Mean vowel duration and duration ratio for / i, 
before stcus in / fit/, /sid/, as a function of children's age. 



/fic/ /sid/ /pip/ /P ib / 

Type 3 Type 3 Type 5 Type 3 Type 3 Type 

Correct Correct Incorrect Correct Correct Inco 
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Fig. 26 Third study, children’s responses to taped stimuli of abnormal 
equal duration. Mean vowel duration for /i/ before correctly 
used voiceless and voiced stops and before voiceless stops 
substituted for voiced stops, as a function of children s age. 
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meaningful story words on the stimulus tape, Differential vowel 
duration has been shown to be a perceptual cue to final voiced con- 
sonants in experiments with meaningful words where adult speakers of 
English were used {Denes, 1955). Thus, when the children made devoic- 
ing errors here, it was possible they thought they were actually trying 
to articulate a different stimulus consonant from the one actually 
presented to them. 

This same type of devoicing confusion is seen for the story words * 
with final fricatives in this study, but never for the perhaps meaning- 
less constant /J?p — / words for either the stops or the fricatives. 

The mean vowel duration values produced by the children in this 
study are compared to those in the first and second studies in the 
table below (scoring procedure type 1) and in Fig. 17 in Chapter 3, 



p. 73. 


Stimulus 


tape 


values are 


in parenthesis. 










Mean 






Mean vowel duration 


(msec) 






Age (mo.) 




/ fit/ (315) 


is 


id/ (315) 


Abnormal Normal 


Piet. 


Ab. 


Nona. Piet. 


Ab. 


Norm. 


Piet, 


Tapt 


Tape 




Tape 


Tape 


Tape 


. Tape 




23 


22 


22 


207 


168 180 


290 


332 


346 


34 


32 


34 


279 


211 269 


372 


408 


424 



o 

ERIC 



This shows that the children in the 23 month age group were 
increasing the duration before voiceless stops in this condition by 
pulling it towards the duration for the stimulus tape, but the 
stimulus duration of 315 was inordinately long before voiceless stops 
for them and at this age they were far from it in their productions. 
For vowel duration before voiced stops, the 315 msec duration on the 
tape was much more realistic as the produced value of 290 shows. The 
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children in the 34 month age group came much closer to the duration 
before voiceless stops than had those in the 23 month age group but 
their vowels before voiceless stops in the previous studies were also 
much longer than those for the 23 month old children. The children 
at 34 months shortened vowels before voiced fricatives from the values 
produced in previous studies to make it closer to the tape values. 

Final stops after / i/ i n constant /# p — / wo rds. Table 22 
shows there were no incorrect final response consonants 
substituted for final /p/. The most common substitutions for / b / 
were /p/ and /m/. Scoring procedure types 1, 2, 3 and 4 in Table 24 
and Fig. 27 show a pattern similar to that for the story words with 
final stops. 

Only 1 child, child 8, actually did imitate the durations on 
the tape and she produced a voiceless-to-voiced ratio near 1 or 
greater. She did this at age 22 months for these constant ///p — / 
words where the duration on the tape was 333 msec for both /pip/ 
and /pib/. Under scoring procedure type 1 the child produced vowel 
duration before voiceless stops at 263, and before voiced stops at 
281, with a ,94 ratio; under scoring procedure type 2, 274, 263, 
with a 1.04 ratio; and under scoring procedure type 3, 265, 265. with 
a 1.00 ratio. This child spoke black dialect, however, and some 
features in the parental model were different from those for the 
other children of white dialect in the study as mentioned in footnote 
7 in Chapter 2. This child also made frequent use of voiceless con- 
sonants for voiced consonants. She did so for 62% of her M voiced" 
consonant responses in this study. It is possible, thus, that since 
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Table 24 

Third study, children's responses to taped stimuli of abnormal equal 
duration. Mean vowel duration (msec) for / i/ before stops in /pip/, 
/pib/, as a function of children' s age 



Stim. tape: VI. st. /pip/ 335, Vd . st. /pib/ 335, VI. /Vd. Ratio 1.00 



Type 1 
All resp. 
Sess Child Age cons/stim 
No. No. (mo) Vi. Vd . Rat. 



Type 2 Type 3 Type 4 Type 5 

Response All correct Inc R Inc R 
cons/resp resp cons cons/S cons/R 
VI. Vd. Rat. VI. Vd. Rat. VI. Vd. VI. Vd . 





2 


7 


25 


140 


2 30 


.61 


140 


2 30 


.61 


140 


2 30 


.61 








2 


8 


22 


265 


281 


.94 


274 


265 


L04 


265 


265 


LOO — • 


286 


286 — 




2 


9 


22 


158 


256 


.62 


158 


256 


.62 


158 


256 


.62 — 








2 Moan 


"T3~ 


188 


2 56 


.73 


191 


"235" 


. >6 


"ISfc 


250 T75 


TBS' 


L bb 


8- 


-10 


1 


35 


402 


459 


.87 


402 


... 




402 







459 


___ _ _ _ 


8- 


-10 


2 


35 


215 


290 


.74 


215 


290 


.74 


215 


290 


.74 — 






8* 


-10 


3 


33 


2 59 


432 


.60 


2 59 


432 


.60 


2 59 


432 


.60 






8- 


-10 


4 


32 


200 


248 


.81 


200 


248 


.81 


200 


248 


.81 — 






8- 


-L0 


5 


35 


318 


376 


.84 


318 


376 


.84 


318 


376 


.84 — 






8- 


-10 


6 


35 


223 


318 


.70 


223 


318 


.70 


223 


318 


.70 — 






8- 


-10 


Mean 


34 


269 


354 


.76 


269 


333 


.81 


269 


333 


.81 — 


459 
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Type I Type 2 Type 3 Type 4 Type 5 

All response Response All correct Incorrect response Incorrect response 

consonants/ stimulus consonants/response response consonants consonants/stimulus consonants/response 
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Fig. 27 Third study, children's responses to taped stimuli of abnormal 
equal duration. Wean vowel duration and duration ratio for /i 
before stops in /pip/, /pib/, as a function of children's age. 
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the child rarely produced final voiced consonants , that increased 
vowel duration was not associated with final voiced consonants for 
her and thus she had no problems imitating the abnormal equal dura- 
tions for these unfamiliar words. Perhaps she had no internal pattern 
which dictated increased vowel duration before voiced consonants 
because she rarely used voiced consonants in final position. 

Scoring procedure type 5 differs from that for the story words 
with stops in this study, in that as shown on Fig. 26, the vowel 
duration before voiceless stops used incorrectly for voiced stops 
was closer to that for the correctly used voiced stops than to that 
for the voiceless stops. However, all the devoicing substitutions here 
were contributed by child 8, These /# p — / words may have been mean- 
ingless to the child and thus, perceptually, they may have been 
processed differently from the story words under these conditions. 

Perhaps the child was not expecting a particular vowel duration for 
any of these words and was actually processing the entire word at 
once, identifying the final consonant correctly, and then trying 
to produce the correct vowel duration according to the total stimulus 
actually perceived. However, the final voiced consonant was devoiced 
for some unknown reason, and the vowel duration was closer to that 
for the stimulus consonant than for the response consonant. This 
was the case in most devoicing substitutions in the first and second 
studies for all children. 
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Vo wel duration in relation to vo ic ing of fina l fricatives 

Final f ricativ e s af ter / i/ in story wor ds . Table 25 lists 
the incorrect final response consonants substituted in / t 10/ 
and /piz/. The same types of substitutions which were made 
in the first and second studies for these words were also made in this 
study. The voiceless stop / t/ was substituted for the voiceless fric- 
ative /8/> and the voiceless fricative /s/ for the voiced fricative / z / • 
Despite the incorrect production of some of the final response 
consonants, scoring procedure type 1 on Table 26 and Fig. 28 shows that 
correct differential vowel duration was produced by both groups of 
children at 23 and 34 months of age. The voiceles3~to-voiced ratio 
was .63 at 23 months and .78 at 34 months of age. The same pattern 
is seen in scoring procedure types 2 and 3. 

Scoring procedure types 4 and 5 are listed in Table 27 and Fig. 

28. The same general pattern which was seen in Type 4 in the other 
studies is also seen here, however, this is not the case for scoring 
procedure type 5 for children at 23 months. Fig. 29 shows that vowel 
duration produced with incorrectly substituted voiceless fricatives 
for the voiced fricative /*/ was closer to that for voiceless frica- 
tives used correctly, than to that with voiced fricatives used correctly. 
Thus, the vowel duration here was appropriate for the final response 
cunsonant , not the final stimulus consonant. There were 3 instances 
of /s/ substitutions for /z/, 2 of these by child 8 (black) and 1 by 
child 9 (white). Both children exhibited the same pattern in vowel 
duration values for the substituted consonants where vowel duration 
was appropriate for the response consonant, not the stimulus consonant. 
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Table 25 

Third study, children r s responses to taped stimuli of abnormal 
equal duration, Incorrect response consonants and missing responses 
for H/ before fricatives 



Sess • 


Mean 


/tiO/ 


/piz/ 




/ pis/ 


/piz/ 


No. 


Age 


(mo. ) 


Vl.fr. 


Vd.fr. 




Vl.fr. 


Vd.fr. 


2 


23 


Inc. resp. cons. 


3/t/ 


2/8/ 




0 


2/s/ 










1/0/ 












No. inc. resp. 


1 


3 




0 


l 






7. inc. resp. 


2 5% 


2 57. 




07. 


167. 






No. missing resp 


. 0 


0 




0 


1 






% missing resp . 


0% 


0% 




07. 


87. 


8-10 


34 


Inc. resp, cons. 


0 


1/0/ 




1/ts/ 


0 






No. inc, resp. 


0 


1 




1 


0 






7 S inc. resp. 


0% 


27. 




27. 


07. 






No. missing resp 


. 4 


4 




4 


4 






% miss ing resp . 


117, 


117. 




117. 


117. 




Ill 



Table 26 

Third study, children’s responses to taped stimuli of abnormal equal 
duration. Mean vowel duration (msec) for / i/ before fricatives in 
/tiQ/, /piz/, as a function of children’s age 



Stim. tape: VI. fr. /tiQ/ 410, Vd . f r . /piz/ 410, Vl^Vd. Ratio 1.00 



Type 1 Type 2 



Type 3 Type 4 Type 5 



All resp. 
Sess Child Age cor.s/stim 



Response All correct Inc R Inc R 
cons/resp resp cons cons/S cons/R 





No 


. No 


. (mo) 


Vi. 


Vd. 


Rat. 


VI. 


Vd. 


Rat. 


VI, 


Vd. 


Rat . 


VI. 


Vd. 


VI. 


Vd. 




2 


7 


23 


194 


428 


.45 


194 


42 8 


.45 


194 


428 


.45 












2 


8 


22 


271 


395 


.69 


366 


428 


.86 


375 


428 


.83 


236 


362 


362 


— 




2 


9 


22 


310 


406 


.76 


301 


433 


.66 


310 


453 


.68 


— 


265 


265 


— 


2 Mean 


~T3 


2 58 


410 


.63 


287 


436 


.66 


292 


436_ 


T6T" 


T3T 


r! 


314 


— 


8 


-10 


1 


33 


42 3 


469 


,90 


423 


469 


.90 


42 3 


469 


.90 










8 


-JO 


2 


33 


2 58 


324 


.80 


258 


324 


.80 


2 58 


324 


.80 










8 


-10 


3 


33 


428 


536 


.80 


428 


536 


.80 


428 


536 


.80 










8 


-10 


4 


32 


350 


580 


.60 


350 


580 


.60 


350 


580 


.60 










8 


-10 


5 


33 


460 


490 


.94 


460 


478 


.96 


460 


478 


.96 


— 


353 


— 


— 


a 


-10 


6 


35 


268 


409 


.66 


268 


409 


.66 


268 


409 


.66 










8 


-10 


Mean 


34 


364 


468 


.78 


364 


466 


.78 


364 


466 


.78 


— 


555 









Type 1 Type 2 Type ? Type 4 Type 5 

All response Response All correct Incorrect response Incorrect response 

consonants/stimulus consonants/response response consonants consonants/stimulus consonants/response 
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Third study, children’s responses to taped stimuli of abnormal 
equal duration. Mean vowel duration and duration ratio for / i/ 
before fricatives in /tiO/, /piz/, as a function of children's age. 



/ tie/ /piz/ /pis/ /piz/ 

Type 3 Type 3 Type 5 Type 3 Type 3 Type 
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Fig. 29 Third study, children's responses to taped stimuli of abnorma 
equal duration. Mean vowel duration for /i/ before correctly 
voiceless and voiced fricatives and before voiceless fricativ 
substituted for voiced fricatives, as a function of children 1 
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This may be due to the same factors discussed concerning this phenomenon 
under vowel duration for the story words before final stops. 

The mean vowel duration values produced by the children in this 
study are compared to those in the first and second studies in the 
table below (scoring procedure type 1) and in Fig. 21 in Chapter 3, 
p. 83. Stimulus tape values are in parenthesis. 



Mean Mean vowe l duration (msec) 

Age (mo .) /t 19/ (410) /piz/ (410) 



Abnormal 


Normal 


Piet. 


Ab. 


Norm. 


Piet. 


Ab. 


Norn. 


Piet. 


Tape 


Tape 




Tape 


Tape 




Tape 


Tape 




23 


22 


22 


258 


254 


225~ 


410 


416 


430~ 


34 


32 


34 


364 


242 


310 


468 


468 


497 . 



This shows that the children at 23 months were not really adjust- 
ing at all to the durations on the tape before voiceless fricatives. 

The duration they produced before voiced fricatives with the tape was 
the same as the tape and coincidentally, very close to the vowel dura- 
tion productions before voiced fricatives in the other 2 studies. Thus, 
it is difficult to say whether the tape was really being imitated or 
that duration on the tape was a very comfortable duration normally for 
the children in the study at 34 months. Once again, the durations 
produced here before the voiceless final consonants were pulled towards 
those on the tape, just as they were before voiceless stops by these 
children. The duration before voiced fricatives, however, is very 
close to that produced in the other studies as well as the tape. 

Thus, again, it is difficult to say if this duration was influenced by 



that on the tape or not. 
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Final frica tiv es after HI in constant /#p — / words. Table 
25 shows that most errors were substitutions for the voiced 

fricative /z/ and the consonants substituted were the voiceless frica- 
tive /s/. Scoring procedure types 1, 2, 3 and 4 in Table 27 and Fig* 

30 show a pattern similar to that for the story worda with final fric- 
atives . 

Child 8 produced the same pattern with these constant /tip — / words 
with final fricatives as she had done with the stops. Where the stim- 
ulus tape was 410 msec, in scoring procedure type 1 she produced a vowel 
duration of 395 before voiceless, and 445 before voiced f ricfit * /es , 
with a ratio of .89; in scoring procedure type 2, 420, and 420, with 
a ratio of 1.00; and in scoring procedure type 3, 395, 420, with a 
ratio of ,94. 

Scoring procedure type 4 differs from that for the story words, 
as shown in Fig. 29. Again* all the devoicing substitutions here were 
contributed by child 8, The vowel duration before voiceless frica- 
tives used incorrectly for voiced fricatives is closer to that for 
the correctly used voiced fricatives than to that for the correctly 
used voiceless fricatives. This pattern also occurred with constant 
/#p — / words with final stops. The same explanation offered under con- 
stant /tf p — / words with stops would be offered here for that inconsis- 
tency between the devoicing responses for the story words and the devoic- 
ing responses for the constant /0p — / words. 
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Table 2 7 

Third study, children's responses to taped stimuli of abnormal equal 
duration. Mean vowel duration (msec) for / i/ before fricatives in 
/pis/, /piz/, as a function of children's age 



Stim. tape: VI. f r . /pis/ 410, Vd . fr. /piz/ 410, VI. /Vd . Ratio 1.00 



Type 1 Type 2 Type 3 Type 4 Type 5 

All resp. Response All correct Inc R Inc R 



Sess 


Child Age 


cons/ s t im 


cc 


is/ resp 


resp cons 


cons/S cons/R 


No. 


No. 


(mo) VI. 


Vd. 


Rat . 


VI. 


Vd. 


Rat. 


VI. 


Vd. 


Rat 


. VI. Vd. VI. Vd. 


2 


7 


25 


184 


358 


.51 


184 


358 


.51 


184 


358 


.51 




2 


8 


22 


395 


445 


.89 


420 


420 1.00 


395 


420 


.94 


470 470 — 


2 


9 


22 


222 


405 


.55 


222 


406 


.55 


222 


406 


.55 




i Mean 


TS 


267 


403 


.66 


275 


394 


.70 


267 


*394. 


768“ 


— 470 470 — - 


8-10 


1 


35 


442 


438 101 


442 


438 1.01 


442 


438 


1J01 


_ 


8-10 


2 


35 


274 


348 


.79 


2 74 


348 .79 


274 


348 


.79 




8-10 


3 


33 


463 


540 


.86 


4C3 


540 


.86 


463 


540 


.86 




8-10 


4 


32 


178 


352 


.50 


200 


352 


.57 


200 


352 


.57 


155 


8-10 


5 


35 


451 


520 


.87 


452 


520 


.87 


452 


520 


.87 




8-10 


6 


35 


243 


356 


.68 


243 


356 


.68 


243 


356 


.68 




8-10 


Moan 


34 


342 


42 5 


.80 


346 


426 


.81 


346 


426 


.81 


155 
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Vowel duration In relation to manner of articulation of fina l 
consonants 

Final stops md fricatives In story words. Tables 22 
and 25 show the errors produced for stops and fricatives which 
have been detailed under the separate discussions of stops and 

fricat.ives. The manner of production, stop, was never confused with 
the manner of production, fricative, as was the case for voicing. 

Scoring procedure type 1 on Table 28 and Fig. 31 shows that correct 
differential vowel duration before stops and fricatives v? as maintained 
by both groups of children. Those at 34 months were extremely close 
in matching the overall duration before stops and fricatives with those 
on the tape. The same wac true for scoring procedure types 2 and 3* 

The mean vowel duration values produced by the children before 
stops and fricatives in this study are compared to those in the first 
and second studies (scoring procedure type 1) in the table below. Stim- 
ulus tape values are in parenthesis. 

Mean M ean vowel duration (msec) 

Age (mo.) Stops (315) Fricatives (410) 



Abnormal 


Normal 


Piet. 


Ab. 


Norm. 


Piet . 


Ab. 


Norm. 


Piet, 


Tape 


Tape 




Tape 


Tape 




1 


Ia£e 




23 


22 


22 


248 


250 


~263 


334 


335 


“328 


34 


32 


34 


326 


310 


346 


417 


356 


403 



As mentioned above, the children at 34 months were very close in 
matching the duration before stops and fricatives on the stimulus tape, 
but this duration was also very close to their other productions of / i/ 
before stops and fricatives under the other 2 stimulus conditions in the 
preceding studies. The 24-month-old children were also producing 
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Table 28 

Third study, children’s responses to taped stimuli of abnormal equal 
duration. Mean vowel duration (msec) for / 1/ before stops and fricatives 
in the story words, as a function of children's age 



Stim. tape: Stops 315, Fricatives 410 



Type 1 


Type 2 


Type 3 


All reap. 


Response 


Alt correct 



Sees 

No. 


Child Age cons/stim 
No. (mo) St. Fr. 


cons/resp 
St. Fr. 


resp cons 
St. Fr. 


2 


7 


25 


256 311 


256 311 


256 311 


2 


8 


22 


272 33? 


292 39? 


293 401 


2 


9 


22 


216 358 


258 377 


2 52 382 


2 Mean 


T3 


248 334 


269 3(>2 


75T~3b5 


8-10 


1 


35 


400 446 


400 446 


400 446 


8-10 


2 


35 


228 291 


228 291 


228 291 


3-10 


3 


33 


408 482 


408 482 


408 482 


8-10 


4 


32 


218 465 


218 465 


218 465 


8-10 


5 


35 


402 476 


402 469 


402 46? 


8-10 


6 


35 


296 338 


296 338 


296 338 


8-10 Mean 


34 


32b 417 


326 415 


32 6 415 
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Fig. 31 Third study, children's responses to taped stimuli of abnormal 
equal duration. Mean vowel duration for / 1/ before stops and 
fricatives In the. story words, as a function of children's age 
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duration before stops and fricatives which were natural for them, and 
these durations were shorter than those on the stimulus tape so they 
shewed a greater deviation from the tape thau did the 34-month-old 
children. 

Final stops and fricatives in const ant /ftp — / words. Scoring 
procedure types 1, 2, and 3 in Table 29 and Fig. 32 show the same 
pattern as the story words with final stops and fricatives. 



SUMMARY 



o 

ERIC 



The children in this study with the mean ages of 23 and 34 months 
were somewhat influenced by the abnormal equal vowel duration of the 
stimulus words on the tape, but not in a significant way. 

In most instances of production of vowel duration before final 
voiceless and voiced stops, and voiceless and voiced fricatives, the 
children deviated from their own mean durations from the previous 2 
studies for the story words towards the tape words (if their own means 
were different from those on this tape). They did not deviate to an 
extent which would match the equal vowel duration on the tape, however, 
and correct differential vowel duration was constantly maintained by 
most of the children. 

Child 8 (black) was the only one of the 3 in the younger group, 
Group 2, who imitated the duration on the tape closely, and she only 
did it with the perhaps unfamiliar constant /#p — / words. This child 
had contributed 76X of the devoicing errors for the younger group in 
this study. This might indicate that she was still in an early stage 
of differential vowel duration development where it was first purely 
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Table 29 

Third study, children's responses to taped stimuli of abnormal equal 
duration. Mean vowel duration (msec) for / i/ before stops and fricatives 
in the constant /#p — / words, as a function of children's age 



Stimulus tapes Stops 335, Fricatives 410 



Sess 

No. 


Child Age 
No. (mo) 


Type 1 
All resp. 
cons/stim 
St. Fr. 


Type 2 
Response 
cons/resp 
St. Fr • 


Type 3 
All correct 
resp cons 
St. Fr. 


2 


7 


25 


185 270 


185 270 


185 270 


2 


8 


22 


2 73 420 


270 420 


265 408 


2 


9 


22 


208 314 


208 314 


208 314 


2 Mean 


23 


222 335 


220 335 


rmis 


8-10 


1 


35 


430 440 


432 440 


402 442 


8- 10 


2 


35 


252 311 


252 311 


252 311 


b-10 


3 


33 


346 502 


345 502 


345 502 


8-10 


4 


32 


224 265 


224 276 


224 276 


8-10 


5 


35 


347 486 


347 486 


347 486 


8-10 


b 


35 _ 


270 300 


270 300 


270 300 


8-10 Mean 


34 


312 384 


301 386 


301 386 
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Fig. 32 Third study, children’s responses to taped stimuli of abnor-a 
equal duration. Mean vowel duration for /i/ before stops and 
fricatives in the constant /#p — / words, as a function of 
children's age. 
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imitated. Then, after proper control of final consonant voicing was 
learned, the phenomenon of increased duration was paired with a final 
voiced consonant. However, not until this pairing was established, did 
the child consistently produce correct differential vowel duration, 
regardless of the duration on a stimulus tape, as was the case for the 
other 2 children in the 23 month age group vjho together contributed the 
other 24% of the devoicing errors. None of the children in the 34- 
months age group, all of whom had control of voicing of final consonants 
in the majority of instances, showed any imitation of the tape to the 
extent chst child 8 did. 

Thus, it is interesting to speculate that the one child's close 
imitation of the ratios on the tape were due to her lack of proper control 
of final voicing, but it is not known, of course, if this is the case. 
There are certainly other plausible reasons which may be connected with 
her black dialecc which caused her to respond totally differently from 
the other 8 children with the constant f$ p — / words. 

The majority of the children at 23 nonths did not imitate the 
abnormal equal durations on the stimulus tape and none of the children 
in the 34 month age group did. Apparently for most children, once the 
pattern has been established of production of final voiced consonants 
with increased vowel duration, it is not likely to be altered by present- 
ation of any stimuli, familisr or unfamiliar, which violate this pattern. 



